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This is an appeal from an Office Action dated July 16, 2007, in which claims 1-3, 10, 17-22, 
and 24-29 were finally rejected. The rqection of claims 1-3, 10, 17-22, and 24-29 are hereby 
appealed. A Notice of Appeal was filed on August 1, 2007* A fourth Notice of Non-Compliant 
Amendment was mailed October 16, 2008. This fourth Corrected Appeal Brief is timely filed in 
response to the Notice of Non-Compliant Brief of October 16, 2008. Please note that the Evidence 
Appendix coversheet includes a statement setting forth where in the record that the evidence was 
entered by the Examiner. 
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REAL. PARTY IN INTEREST 

Greatbatch, Ltd (previously known as Wilson Greatbatch Technologies, Inc.), lias acquired 
the entire ri^t, title and interest in aod to the invention, Ihe application, and any and all patents to 
be obtained therefore. Gi^eatbatch was assigned the patent application by NanoGram Corporation^ a 
corporation orgatli^ed under the laws of the state of Delaware, and having oflRces at 165 Topaz St., 
Milpitas, Califomia. On June 17, 2004, ati assignment was executed transferring ownership from 
NanoGram Corporation to Wilson Greatbatch Technologies, Inc. recorded at reel 015552, frame 
0199, although NanoGram Corp. may have retained certain licensed ri^ts The rights in the patent 
application were transferred to NanoGram Corp. as per the Assignment, recorded at Reel 01 1451, 
Frame 0570 from the inventors to NeoPhotonics Corporation and an assignment from NeoPhotonics 
Corporation to NanoGram Corporation recorded at Reel 013957, Frame 0076. Note that 
NeoPhotonics Corporation was formerly called NanoGram Corporation, and the pi'esent NanoGram 
Corporation is an independent corporation spun out from NeoPhotonics Corp. 

RELATED APPEALS AND INTERFERENCES 

U.S. Patent application 09/606,884 was appealed to the USPTO Board of Patent Appeals 
and Interferences. This application has now issued as U.S. Patent 7,21.4,446. This patent is 
assigned to NanoGram Corporation. A copy of the decision is attached. It is noted that the 
decision reversed the rejection. 

sy^mQF CLAIMS 

Claims 1-3, 6-18 and 22-29 ai-e pending. Claims 4, 5 and 19-21 have been cancelled. 
Claims 1-3, 10, 17, 22, and 24-29 stand rejected. The rejecrton of dafms 1-3, 10, 17, 22 and 24^ 
29 is presently appealed. Claims 6-9, 11-16, 18, and 23 are free of any rejections and are objected 
to for depending on a rej ected base claim. 
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In mijltiple Office Actions jBrom December 28, 2001 tbioxigb Januaty 27, 2003, Examiner 
indicated that claims 11-16 and 18 contained allowable subject matter. After Applicant filed a 
Notice of Appeal fit)d multiple Appeal Briefs beginning on August 20, 2003, Examiner issued a 
non-final Office Action dated February 7, 2007 without considering pending claims 11-16 and 18. 
Applicant notes that the Patent Office lost an initially filed Appeal Brief and significant delay 
resulted. The Office Action of February 1, 2007 had an error with respect to dropping claims 1 1-16 
and IS from the application. Applicant inadvertently propagated this enx>r in a Response filed on 
May 1 1 , 2007. Applicant maintains that these claims were never canceled and remain pending and 
allowable. 

The appealed claims are listed in the Claims Appendix* 

STATUS_QF_A1VIENPMENTS 
All Amendments have been entered with the filing of the Appeal. No after-final 
amendments were submitted. 

SUMMARY OF CLAIMED SUBJECT MATTER 

The invention relates to powders, i.e., collections of particles, having a composition of a 
metal vanadium oxide* (See, for example, the abstract.) Metal vanaditim oxides have a non- 
vanadium metal ion along with a vanadium ion within an oxide composition, (Specification, for 
example, page 4, lines 10-23.) The claimed composite metal oxide particles have an average 
particle size less than a micron. (Specification, for example, page 5, lines 1-18. Figs. 1 1 and 12, for 
example.) 

Any particular powder has particles that can be characterized by size. A collection of 
particles has an average particle size and a distribution of particle sizes, which are related but 
separate properties. The distribution of particle sizes relate to the size umformity of the particles. 
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5 Application No. 09/757,519 

Some of the pending claims specify particular distributions corr^ponding to highly uniform 
particles. (Specification, for example, page 31, lines 3-26. Fig. 12, for example. Claim groiq) 4.) 
All of the claims directed to particle collections have a submicron average particle size. 
(Specification, for example, page 30, lines 1-19. Figs. 11, 12, 15, and 16, for example. Independent 
claim 1. Claim group 1.) In some embodimentSj the particles have an average particle size &om 
about 5 nm to about 100 rm (claim ^up 2), and in fixrther embodimejits, tlie particles have an 
average particle size from about 5 nm to about 50 nm (claim group 3). (Spedfication, for example, 
page 30, lines 1-19. Figs. 11, 12, 15, and 16, for example.). In some embodiments, the metal 
vanadiiun oxide is crystalline. (Specification, for example, page 32, lities 10-14. Figs. 9-12, for 
example. Claim group 5), 

Some of the pending claims relate to methods for fbnning metal vanadium oxide particles. 
(Independent claim 10. Claim group 4.) In the claimed mefliods, the metal vanadium oxide 
particles are foTmed by heating a mixture of vanadium oxide particles with a non-vanadium metal 
compound. (Spectflcation, for example^ page 26, line 29 to page 27, line 10. Figs. 6 and 7, for 
example*) The rcactant vanadium oxide particles have an average particle size less than a micron. 
(Specification, for example, page 27, lines 11-22. Fig, 16, for example.) Apphcants' specification 
describes the formation of submicron vanadium oxide particles using a process called laser 
pyrolysis. (Specification, for example, page 4, lines 26-33 and Example L Fig. 1, for example.)- 
Througli the description of the laser pyrolysis approach. Applicants* specification enables the 
tbrmation of the starting materials for the formation of submicron metal vanadium oxide materials. 
(Specification, for example, page 5, lines 1-18 and page 6, lines 18-27. Figs, 1-6, for example.) 
The present application does not claim the fomiation of particles with laser pyrolysis. 

Additional claims are directed to batteries formed with submicron metal vanadium oxide 
particles. (Independent claim 17. Claim group 1 .) In particular, metal vanadium oxide particles are 
usefiil as cathode materials, especially for lithium-based batteries. (Specification^ for example, page 
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34, line 14-page 36, line 24. Fig. 8, for example-) Tlie submicron character of the metal vanadium 
oxide particles can contribiite improved performance in battery applications. (Specification, for 
example, page 34, line 1 4-page 36, line 24. Fig. 8, for example.) 

GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

A, The rejection of claims 1 and 17 under 35 U.S.C. § 102(b) as being anticipated by U.S. 
Patent 5,512,214 to Koksbang. 

B, The rejection of claims 1, 2, 17, 24, and 26 under 35 U,S.C. § 102(b) as being anticipated by 
U.S. Patent 5,549,880 to Koksbang 

C, The rejection of claims 1-3, 10, 22, and 24-29 under 35 U.S.C. § 103(a) as being 
unpatentable over U.S. Patent 5,556,738 to Takamuki et al. 

ARGUMENT 

The following argument is organized awund the following grouping of claims, which is 
summarized for the convenience of the Board. 

1 . Claims 1 , 1 7, 22, 24 and 26 are within a first claim group directed to a collection of metal 
vanadium oxide particles or batteries formed with metal vanadium oxide particles with the 
particles having a specified average particles size. 

2, Claim 2 is in a second claim group directed to a collection of metal vanadium oxide 
particles wjtb an average diameter jfrom about 5 nm to about 100 nm. 
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7 Application No. 09/757,519 

3. Claim 3 is in a third claim group directed to a collection of metal vanadium oxide 
particles with an average diameter from about 5 mn to about 50 mn, 

4. Claims 10 and 25 are within a fourth claim group directed to a method for producing 
metal vanadium oxide particles using vanadium oxide particles with a specified average particle 
size range. 

5. Claims 27-29 are within a fiflh claim group directed to crystalline metal vanadium oxide. 

T.FrTAT.AUTHORrrY 

The Court of Appeals for tlie Federal Circuit has exclusive appellate jurisdiction for cases 
arising under the patent law under 28 U.S.C. § 1295 (a)(1). The Federal Circuit has adopted as 
binding precedent all holdmgs of its predecessor courts, the U.S. Court of Claims and the U.S. Court 
of Customs and Patent Appeals, South Com, v. U.S.. 215 USPQ 657 (Fed. Cir. 1982). Therefore, 
unless they have been overruled en banc, CCP A cases are binding precedent for the preseiit ^peal. 

A. ANTICIPATION 

1. A Single Reference Must Disclose Everv Element Se t Forth In a Claim To Anticipate 
The Claim 

"For a prior art reference to anticipate in terms of 35 U.S,C, § 102, every element of the 
claimed invention must be identically shown in a single reference. These elements must be 
arranged as in the claim under review, but this is not an *ipsis3imis verbis* test** In re Bond , 
1 5 USPQ2d 1566, 1 567 (Fed. Cir, 1990)(Intemal citations omitted and emphasis added.)* 

"If the prior art reference does not expressly set forth a particular element of the claim, 
that reference still may anticipate if that element is ^inherent* in its disclosure. To establish 
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8 Application No. 09/757,5 1 9 

inherency, the intiwsic evidence *miist make it clear that the missing descriptive matter is 
necessarily present in the thing described in the reference, and that it wotild be so recognized by 
persons of ordinary skill, hiherency, however, may not be estabHshed by probabilities or 
possibilities. The mere fact that a certain thing may result from a given set of circumstances is 
not sufficient,"' In re Robertson . 49 USPQ2d 1949, 1950, 1951 (Fed. Cir. 1999), citing 
Continental Can. Co. v. Monsanto Co. . 20 USPQ2d 1746, 1749 (Fed. Cir. 1991). 

''Every element of the claitned invention must be literally present, arranged as in the 
claim. The identical invention must be shown in as complete detail as is contained in the 
patent claim." Richardson v. U.S. Suzuki Motor Corp.. 9 USPQ2d 1913, 1920 (Fed. Cir. 
1 989)(Intemal citations omitted, and emphasis added.). "^Here, as well, anticipation is not shown 
by a prior art disclosure which is only 'substantially the same' as tiie claimed invention." 
Jamesburv Corp. v. Litton Industrial Products. Inc., 225 USPQ 253, 256 (Fed. Cir. 
1985)(emphasis added)* 

2. Ranges 

Claims covering a range of composition narrower than a broader range covered in the prior 
aii are not anticipated, although fhey may be obvious over the prior art Itu:e_Malagari . 182 USPQ 
549, 553 (CCPA 1974). Such clahns are analogous to the daim of a species or subgenus within a 
genus, which may be patentable and generally are not obvious, "Anticipation requires a showing 
that each limitation of a claim is found in a single reference, either expressly or inlierently. It is 
well established that the disclosure of a genus in the prior art is not necessarily a disclosure of 
every species that is a member of that genus. There may be many species encompassed within a 
genus that are not disclosed by a mere disclosure of the genus. On the other hand, a very small 
genus can be a disclosure of each species within the genus." AtojSna v. Great Lakes Chem. 
Corp. 441 F.3d 991, 999, 78 USPQ2d 1417, 1423 (Fed. Cir. 2006). 
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9 Application No, 09/757,519 

A prima facie case of obviousness exists if the claimed ranges "overlap or He inside 
ranges disclosed by prior art." Tn re Wertheim. 541 F.2d 257, 191 USPQ 90 (CCPA 1976); Img 
Woodruff. 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990); Io^te_GeM_^ , 116 F.3d 1465, 
1469-71, 43 USPQ2d 1362, 1365-66 (Fed. Cir. 1997). If the claimed ranges do not overlap with 
the prior art ranges, a prima facie case of obviousness exists if they are so close that one skilled 
in the art would have expected tbem to have the same properties. "[A] prior art reference that 
discloses a range encompassing a somewhat naxxower claimed range is sufficient to establish a 
prima facie case of obviousness," In re Petersoja , 315 F.3d 1325, 1330, 65 USPQ2d 1379, 1382- 
83 (Fed. Cir. 2003). See also In re Harris, 409 F3d 1339, 74 USPQ2d 1951 (Fed. Cir. 2005). 
Based on a feet intensive inquiry^ a range may be disclosed in multiple prior art references 
instead of a single prior art reference. Iron Grin BarbelLC_o.> Inc. v. USA Snorts, Inc., 392 F3d 
1317, 1322, 73 USPQ2d 1225, 1228 (Fed. Cir. 2004). 

B. OBVIOUSNESS 

1 > Tlie Examiner Bears The Burden Of Demonstrating Obviousness, 
The Applicants note that the patent office has the bxirden of persuasion in showing that the 
Apphcants are not entitled to a patent. "[T]he conclusion of obviousness vgl 2fi2l is based on the 
preponderance of evidence and argument in the record" In re Qetiker. 24 USPQ2d 1443, 1445 
(Fed. Cir. 1992). The patent office has the ultimate burden of persuasion in establishing that an 
applicant is not entitled to a patent Id. at 1447, concurring opinion of Judge Plager. "The onfy 
determinative issue is whether the record as a whole supports the legal conclusion that the 
invfiintion would have been obvious.*^ Id. 

"In rejecting claims under 35 U.S.C. §103, the examiner bears the initial burden of 
presenting a prima facie case of obviousness." In re Riickaert. 28 USPQ2d 1955, 1956 (Fed. Cir* 
1993). If the Examiner fails to establish a prima facie case of obviousness, the obviousness 
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1 0 Applicatioii No. 09/757,5 1 9 

rejection must be withdrawn as a matter of law. In re Ochiai. 37 USPQ at 1131 ("When the 
references cited by the examiner fail to establish a prima facie case of obviousness, the rejection is 
improper and will be overturned"). "If examination at the initial stage does not produce prima ;fede 
case of unpatentability, then without more tlie apphcant is entitled to grant of the patent." ]nr§ 
Qeitikcr, 24 USPQ2d 1 443, 1 444 (Fed. Cir. 1 992). 

"Only if that burden is met, does the burden of coming forward with evidence or argument 
shift to the apphcant." in re Riickaert . 28 USPQ2d at 1956. "After evidence or argument is 
submitted by the applicant in response to an obviousness rejection, ^patentability is detennined on 
the totality of the record, by a preponderance of the evidence with due consideration to 
persuasiveness of the argument"' Inxe.CJxu, 36 USPQ2d 1089, 1094 (Fed. Cir. 1995Xquoting Inre 
Oetiker . 24 USPQ2d 1443, 1444 (Fed. Cir. 1992)). 

2. The References Must Teach Or Suggest All Of The Claim Elements 
Prima fade obviousness is not established if all the elements of the rejected claim are not 
disclosed or suggested in the cited art. InreOchiai. 37 USPQ 1127, 1131 (Fed. Cir. 1995). ("The 
test for obviousness vel non is statutory. It requires that one compare the claim's 'subject matter as a 
whole* with the prior art *to which said subject matter pertains."') To establisli obviousness of a 
claimed invention, all of the claim limitations must be taught or suggested by the prior art," CFiyiXi 
Inc. V. Yieldup Intem. Corp.. 349 F.3d 1333 (Fed. Cir. 2003) (citing In re Royka, 490 F.2d 981 
(CCPA 1974). 

To establish prima fade obviousness, all the elements of the claim must be taught or 
suggested by tlie dted references without the benefit of hindsight based on the applicant's own 
disclosure. "To imbue one of ordinary skill in the art with knowledge of the invention in suit, when 
no prior art reference or references of record convey or suggest that knowledge, is to fall victim to 
tJhe insidious effect of a hindsight syndrome wherein that which only the inventor taught is used 
against its teadier." W. L> Gore & Assocs.. Inc. v. Garlodc, Inc., 220 USPQ 303, 312-13 (Fed. Cir. 



PAGE 12/64 * RCVD AT 1113/2008 6:08:00 PM [Eastern Standard Time] ' SVR:USPTO-EF)(RF-5/41 * DNIS:2738300 * CSID:6127463006 ' DURATION (mfn-ss):10-34 



11/83/2008 18:16 



6127463006 



DARDI AND ASSOCIATES 



PAGE 13/64 



AppUcattonNo. 09/757,519 



1983). "Skill in the art does not act as a bridge over gaps in the substantive presentation of an 
obviousness case, but instead supplies the primary guarantee of objectivity in the process," All-Site 
Com. v. VSIJntemational lnc.. 50USPQ2d 1161, 1171 (Fed. Cir. 1999). 

The Supreine Court has recently clarified that this examination of the teachings of the 
prior art should not be performed rigidly. It held that "The combination of familiar elements 
according to known methods is likely to be obvious when it does no more than yield predictable 
results." ICSR Intern. Co. v. Teleflex Inc.. 127 S.Ct. 1727, 1739 (2007). Specifically, "a court 
must ask whether the improvement is more than the predictable use of prior art elements 
according to their established fimctions," 14 at 1731. *'Often, it will be necessary for a court to 
look to interrelated teachings of multiple patents; the effects of demands known to the design 
community or present in the marketplace; and the background knowledge possessed by a person 
of ordinary skill in the art^ all in order to determine whether there was an apparent reason to 
combine the known elements in the fashion claimed by the patent at issue/' Id. at 1740. The 
Court noted that "it can be important to identify a reason that would have prompted a person of 
ordinary skill in the relevant field to combine the elements in the way the claimed new invention 
does." Id. at 1731. This is so because "inventions [in most, if not all, instances] rely upon 
building blocks long since uncovered^ and claimed discoveries almost of necessity will be 
combinations of what^ in some sense, is already known," Id "Under the correct analysis, any 
need or problem known in the field of endeavor at the time of invention and addressed by the 
patent can provide a reason for combining the elements in the manner claimed." Id. at 1732. See 
also hi re Icon Health and Fitness, Inc., 83 U.S.P.Q.2d 1746, 2007 WL 2189161. 

3. The Claimed Recited Propertles_Of_The Claimcxi Compositions Of Matter Ar e riajm 
Elements 

It is long established that a composition of matter is indistinguishable from its properties. M 
re Papesch. 137 USPQ 43, 51 (CCPA 1963); In re Cescon . 177 USPQ 264, 266 (CCPA 1973). 
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There are two types of propertieSj chemical/compositional properties and physical properties. The 
chemical/compositional properties of the composition of mattei* determine what the material is, 
while the physical properties relate to the interaction and behavior of the composition of matta:. 
Often unique or unejsipected physical properties are used to establish the existence of an unobvious 
composition when chemical/compositional properties either ate unknown or do not fiilly represent 
the unobviousness of the composition. However, discovery of a surprising or unexpected physical 
property does not necessarily control an obviousness detennination, and all the evidence under the 
Graham factors must be considered. See, for example, Richardson-Vicks v. Upjohn Co. , 44 
USPQ2d 1181, 1187 (Fed. Cir. 1997). In tihe present case, the claims do not relate to the 
discovery of properties of previously known or suggested materials. 

Obviousness under 35 U,S,C. §103 must be evaluated by viewing the invention as a whole. 
In re Langer . 175 USPQ 169, 171 (CCPA 1972). "In effect, we consider the prior art *as a whole' 
with the claimed subject matter 'as a whole/" Id. This rule superseded other principles, and 
specifically, **homology should not be automaticaUy equated witt prima facie obviousness," M. 
(eoniphasis added). "To give meaning to the language of 35 U.S.C. 103 which speaks to the subject 
matter *as a whole,' we feel weight must be given the properties of a compound or composition 
of matter," Inre Murch. 175 USPQ 89, 92 (CCPA 1972)(emphasis added). 

The present claims are directed to compositions of matter or method for manipulating 
compositions of matter. Certain claimed aspects of the present invention are 
chemical/compositional properties that make the material a different composition of matter. In 
particular, Applicants' claimed compositions have several compositional features of particular 
relevance. First, the composition of matter comprises particles with specified properties. 
Specifically, the particles have a specified range of average particle sizes* Average particle si^e is a 
chemical/compositional property similar to chemical fontnula or molecular weight of a polymer. 
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Collections of particles with one average particle size are a different composition of tnatter and will 
have dijSferent physical pioperties ftom collections of particles with other average particle sizes. 

Similarly, the distribution of particle sizes is another independent chemical/composition 
property of solid particles that is distinct finom the average particle size. A particle collection with a 
particular particle size distribution is a different composition of matter and will have different 
physical properties from other collections of particles with dififoent particle size distributions. 
Applicants have developed an approach using light/radiation-based pyrolysis to produce the highly 
uniform powders/particles, which is the subject of some of the present claims. These highly 
unrfbrm particles can be further reacted to form other product particles with desirable properties. A 
particle collection with a narrow particle $ize distribution is more unifomx 

4. To Support A Finding Of Obviousness Based On Cited Art The ated Art Must Provide 
A Means Of Obtaining The Claimed Composition Or Apparatus 

Tlie proposition is well established that the cited art only renders a composition of matter or 
apparatus impatentable to the extent that the cited art enables the disputed claims, in other words, if 
the cited art provides a means of obtaining the claimed composition or apparatus. 

To the extent that anyone may draw an inference from tl"ie Von Bramer case 
that the mere printed conception or the mere printed contemplation which 
constitutes the designation of a 'compound' is sufficient to show that such a 
compound is old, regardless of whether the compound is involved in a 35 
U.S.C. 102 or 35 U.S.C. 103 rejection, we totally disagree. ... We think, 
rather, tiiat the true test of any prior art relied upon to show or suggest that a 
chemical compound is old, is whether the prior art is such as to place the 
disclosed 'compound' in the possession of the public. In re Brown. 141 
USPQ 245, 248-49 (CCPA 1964)(emphasis in original)(citations omitted). 

Similarly, see In re Hoeksema 158 USPQ 596, 600 (CCPA 1968){emphasis in original): 

We are certain, however, that the invention as a whole is the 
claimed compound ^d, a way to produce it, wherefore appellant's 
argument has smbstance. There has been no showing by the Patent Office 
in this record that the claimed compound can exist because there is no 
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showing of a kjiown or obvious way to manufacture it; hence, it seems to 
us that the 'invention as a whole,' which section 103 demands that we 
consider, is not obvious from the prior art of record. 

While there ai-e valid reasons ba$ed on public policy as to why this 
defect in the prior art precludes a finding of obviousness under section 103, 
In re Brown, supra, its immediate significance in the present inquiry is that it 
poses yet another difference between the claimed invention and the prior art 
which must be considered in the cont^t of section 103, So considered, we 
think the differences between appellant's invention as a whole and the prior 
art are such that the claimed invention would not be obvious within the 
contanplation of 35 U.S.C. 103, 

The Federal Circuit has further emphasized these issues. "But to be prior art under section 
102(b), a reference must be enabling. That is, it must put the claimed invention in the hands of one 
skilled in the art." In re Sun , 31 USPQ2d 1451, 1453 (Fed. Cir. 1993)(unpublished). Assertions in 
a prior art reference do not support an anticipation or obviousness rejection unless the references 
place the claimed invention in the hands of the public. Beckman Instruments Inc. v. LKB Produkter 
AB, 13 USPQ2d 1301, 1304 (Fed. Cir. 1989). ''In order to render a claimed apparatus or method 
obvious, the prior art must enable one skilled in the art to make and use the appai^tus or method." 
M- While a properly citable reference is prior art for all that it teaches, references along with the 
knowledge of a person of oi'dinary skill in the art must be enabling to place the invention in the 
hands of the public In re Paulsen, 31 USPQ2d 1671, 1675 (Fed. Cir. 1994). See also In re 
Donohue - 226 USPQ 619, 621 (Fed. Cir. 1 985). 

5. Obviousness Over A Sintde Prior Art Reference 

The importance of the principle that the prior art itself must sugg^t the motivation to 
modify tlie teachings of a reference was eloquently stated in In re Rouffet 47 USPQ2d 1 453, 1458 
(Fed. Cir. 1998)(empbasis added): 

The Board did not, however, ejq^lain what specific understanding or technical 
principle within the knowledge of one of ordinary skill in the art would have 
suggested the combination. Instead the board merely invoked the high level of 
skill in the field of the art If such a rote invocation could suffice to supply a 
motivation to combine, the more sophisticated scientific fields would rarely^, if 
ever, experience a patentable technical advance* Instead, in complex scientific 
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fields, the Board could routinely ideatify the prior art elements in an application, 
invoke the lofty level of skill, and rest its case for rejection. To counter this 
potential weakness in the obviomness construct, the suggestion to combine 
requirement stands a$ critical safeguard against hindsight analysis and rote 
application of the legal test for obviousness. 

Similar principles must be applied when obviousness is based on the teachings of a single 

cited reference. 

In appropriate circxnnstanceSj a single prior art reference can render a claim 
obvious. However, there must be a showing of a suggestion or motivation to 
modify the teachings of that reference to the claimed invention in order to support 
tlie obviousness conclusion. This suggestion or motivation may be derived from 
the prior art reference itself, from the Icnowledge of one of ordinary skill in the 
art, or from the nature of the problem to be solved. Determining whether there 
is a suggestion or motivation to modify a prior art reference is one aspect of 
determining the scope and content of the prior art» a fact question subsidiary 
to the ultimate conclusion of obviousness. 

SibiaNeuiosciences, Inc. v. Cadus Pharmaceutical Com, . 55 USPQ2d 1927, 1931 (Fed. Circuit 

2000)(intemal citations omitted, emphasis added), 

ANALYSIS 

A. REJECTIONS OVER KOKSBANG '214 - First Ground of Rejection 

The Examiner rejected claims 1 and 17 under 35 U.S.C. § 102(b) as being anticipated by 
U.S. Patent 5,512^214 to Koksbang (the Koksbang *214 patent). Applicants respectfully request 
reconsideration of the rgection based on the following analysts. The Koksbang *214 patent does not 
nrima facie anticipate Applicants* claimed invention. 

Claim 1 recites: '*A collection of particles comprising metal vanadium oxide, the particles 
having an average diameter less than about 1 micron." The Examiner asserted that the Koksbang 
'2 1 4 patent "discloses a battery comprising metal vanadium oxide particles (abstract) of ' submicron' 
size (see column 6, lines 7-8)." The Koksbang '214 patent, however, does not disclose "particles 
comprising ^mgta^ vanadium oxide, the particles having an average diameter less than about 1 
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micron/' Col. 6, lines 7 and 8 of the Koksbang *214 patent as cited by the Examiner hos been taken 
out of context. The disclosure relates to vanadium oxide halogens NOT metal vanadium oxide. 
See col. 5, line 58-coL 6, line 8. Hfllogens are not mefals . Thus, these materials are simply not 
relevant witli respect to Appellants claims. 

Furthermore, the disclosure refers to what the individual size of the partides might be and 
NOT to the average diameter of the particles. The vague disclosure that "[s]uch particles are of 
micron or subraicron size" does not mean the averages diameter of the particles will be less than 
about 1 micton, The average of these particles that are of micron or submicron size will not 
necessarily be less than about 1 micron. 

Additionally, tine Koksbang *214 patent is directed to forniing vanadium oxide particles 
having an average size less than 100 microns, desirably less than 50 microns, and preferably, less 
than 10 microns. See, for example, col. 4, line 67-col. 5, line 4. The Koksbang '214 patent does 
not disclose an average particle size of less than about 1 micron, as disclosed and claimed by 
Applicants. It is well established that a broader range is clearly not anticipated by a narrower range. 
Additionally, this disclosure of average size of vanadium oxide particles does not relate to metal 
vanadium oxide particles but relates to commingling of carbon and vanadium oxide particles. 
Although the abstract and an embodiment of the invention does mention lithium vanadium oxide, it 
also vaguely discloses that * 'particle size of the lithium vanadium oxide is on the order of that 
described earlier in connection, with V2O5 and V5O13,** See, for example, col. 5, lines 29-31. It 
appears that the lithium vanadium oxide particles formed also have approximately an average size 
less than 100 microns, desirably less than 50 microns^ and preterably^ less than 10 microns. As 
discussed above, this does not amount to disclosing an average particle size of less than about 1 
micron. 

In summary, the only submicron particles referenced in Koksbang 214 do not refer either to 
average particle size or even to the materials in Appellants claims. The vanadium oxide particles, 
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which also are not metal vanadium oxide particles, are not described with respect to the average 
particle size of Appellant's claims. Therefore, the Koksbang '214 patcait sinqjly does not anticipate 
Applicants* claimed invention. The E?caminer has failed to establish a case of prima fade 
anticipation. Also, the Examiner has failed to assert any case for obviousness. 

In order to render a claimed process obvious, the cited references must place the claimed 
process in the hands of the public. The Koksbang ^214 patent does not disclose how to fomi 
vanadium oxide particles with an average particle size less than a micron. The range disclosed in 
the Koksbang '214 patent is a factor of ten greater than Applicants' claimed average particle size. 
The Examiner has not indicated how such a reduction in particle size can be performed. While the 
Koksbang ^14 patent disclosed the desirability of having smaller average particle sizes, the 
Koksbang '214 patent does not indicate that particles with an average particle size less than a micron 
are achievable. This gap with respect to smaller vanadium oxide particles in the disclosure of the 
Koksbang ^214 patrat strongjy suggests that Koksbang '214 patent does not enable a person of 
ordinary skill in the art to fotm submicron vanadium oxide particles. 

In summary, the Koksbang '214 patent simply does not prima facie anticipate Applicants^ 
claimed invention. The Examiner has not indicated any basis for establishing nrima fade 
obviousness. Applicants do not have the burden to establish patentability, although Applicants' do 
not see any issues within the references of record that oalJ patentability Into question* 

Since a prima case for anticipation or obvioxisness has not been established by the Examiner, 
Applicants respectfully request withdrawal of the rejection of claim 10 under 35 U.S.C. § 102(b) as 
being antidpated by the Koksbang '214 patent 
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B. REJECTION OVER KOKSBANG *880 - Second Ground of Rejection 

The Examiner rejected claims 1, 2, 17, 24, and 26 under 35 U.S.C, § 102(b) as being 
anticipated by U.S. Patent 5,549,880 to Koksbang (the Koksbang *880 patent). Applicants 
respectfully request reconsideration of the rejection based on the following analysis. The Examiner 
has failed to establish a prima facie case of anticipation. These issues are analyzed in detail in 
the following. 

In a related application 09/606,884, now U.S. Patent 7,214,446, that Examiner applied 
the same Kolcsbang '880 patent against claims 47-52, which also involve average diameter of 
vanadium oxide particles. The assignee of the present application to Appellant appealed tlie 
Examinei-'s rejection of claims 47-52, and a decision was rendered in favor of Apphcants, 
resulting in an allowance of the apphcation. Appellant refers to the attached Opinion by the 
Board of Patent Appeals and Interferences with Appeal No. 2006-9712. 

Group 1 Claims 

Tlie Patent Office has the burden to establish prima fade unpatentability. The rejection 
formally presented by the Examiner is based on anticipation, aMiough jfbr completeness, Appellant 
also addresses obviousness. 

The Koksbang '880 pat€ait does not prima facie anticipate Applicants* claimed invention. 
Specifically, pending claim 1 spedjBes that the av^age particle size for the claimed collection of 
metal vanadium oxide particles is less than a microa It is further emphasized that in Appeal No. 
2006-0712, the Board stated: "As correctly argued by appellants (Brief, pages 8-10; Reply Brief, 
pages 2 and 3), Koksbang does not disclose or suggest that the range of particle sizes taught is an 
average size or diameter as required by claim 47 on appeal and the examiner has not 
convincingly established that the disclosure of Koksbang should be interpreted or construed as 
an 'average' si^e or diameter (Answer, page 4)." See page 3. "Furthennore, Koksbang 
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specifically teaches the criticality of the ^particle size' of the product, disclosing a range of 
particle sizes but never disclosing or suggesting an average of particle si^es or diameters (col 2, 
lines 59-61; col. 5, lines 1-6; and col. 6, lines 56-60). We note that the examiner has not 
submitted any substantive evidence that the term *particle size' was known in this art to mean an 
average particle size." See pages 3 and 4, 

The Koksbang '880 pateait does not disclose metal vanadium oxide particles with an average 
particle size less than a micron either explicitly or inherently. The Koksbang '880 patent describes 
a lithium vanadium oxide, which is a species of metal vanadium oxides, '*in the form of a fine 
powder having a surprisingly small particle size on the order of 0.1 to 5 microns, and typically less 
than 10 microns." Column 2^ lines 59-61. The Koksbang patent does not IdenticaUy disclose the 
composition of Applicants' invention since the Koksbang patent does not expressly recite that 
the particle size range disclosed is a range of average particle sizes. 

Furthermore, it is clear in context that this description of particle sizes is not a description of 
average particle sizes. In particular, the inclusion of the description of '^typically less than 10 
microns" is inconsistent with 0. 1 to 5 microns being a range of averages. If 0. 1 to 5 microns relates 
to a particular distribution of particle sizes, there is some cut off in the distribution that is used to 
assign the end points presented. This can be picked, for example, at one standard deviation. 
Thus, there would be some particles with sizes larger than 5 microns and smaller than 0.1 
microns. To tlien indicate that the particle sizes are typically less than 10 microns would imply 
that a more stringent criterion is being used to indicate "typically/* for example, 90 percent or 95 
percent of the particles. This interpretation is perfectly consistent although not explained in the 
Koksbang patent. So if the "0.1 to 5 microns'* is a distribution, the expression "typically less 
than 10 microns" is not inconsistent. However* if "0*1 to 5 microns" refers to average particle 
sizes, the expression '^typically less than 10 microns*' is inconsistent since a description clearly 
relating to the distribution would then be contrasted with averages without explanation. 
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Since there is no explicit explanation otherwise, the consistent reading of the language in the 
Koksbang '880 patent is tliat all values relate to the distribxition of particle sizes. 

In addition, the Koksbang *880 patent has a single example directed to the production of 
lithimn vanadixim oxide. A single set of reaction conditions are described for the production of 
the lithium vanadium oxide from column 4, line 49 io 67. "The product was found to have a 
surprisingly small particle size on the order of 0.1 to 5 microns, and typically less than 10 
microns." Column 5> lines 4-6. A powder product has a single average particle size and a 
single particle size distribution relating to the chai*acteristics of the particles within the powder. 
Since the quoted language was used to describe a single product, it must be referring to a single 
distribution of particle sizes that woxild have a corresponding single average particle size, not a 
range of average particle sizes. Based on a single example with one set of reaction conditions, 
the only consistent interpretation of the language in the Koksbang '880 patent is that 0.1 to 5 
microns refers to a single distribution with an average particle size of roughly 2.5 microns. Since 
tlie single set of particle properties disclosed in the Koksbang '880 patent have an average 
particle size significantly greater tlian the claimed particle size, the Koksbang '880 patent does 
not explicitly disclose a collection of metal vanadium oxide particles with an average particle 
size less than one micron. 

Similarly* the Koksbang '880 patent does not inherently disclose metal vanadium oxide 
particles witi:i an average particle size less than one microa Specifically, the Koksbang patent 
explicitly discloses the particle size of the metal vanadium oxide particles. There are no particle 
collections in the Koksbang *880 patent with inherent size properties that are not described, so 
there cannot be inherent disclosure relating to average particle sizes. Since the Koksbang '880 
patent does not explicitly or inherently disclose metal vanadium oxide particles with an average 
particle size less than a micron, the Koksbang '880 patent does not anticipate Applicants* claimed 
invention. 
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With respect to obviousness, the Examiner lias clearly not stated a facie case for 

obviotisness. It is simply not the Applicants' burden to establish patentability. With respect to 
the Examinees assertions regarding the possible formation of Applicants' claimed particle from 
the particles formed by the process of the Koksbang '880 patent, this can only be relevant to an 
obviousness analysis. However, the Koksbang '880 patent does not teach or sttggest any 
sepai-ation techniques. Under well established legal principles, the modification of the teachings 
of a reference can only be based upon the teachings of another reference or what is well known 
to a person of ordinary skill in the art. The Examiner has not asserted that appropriate teaching 
is well known in the art or provided a refei^ce that describes appropriate knowledge being well 
known in the art. If it was well known to a person of ordinary skill in the art bow to form the 
claimed particle collections from the particle collections described in the Koksbang '880 patent, 
it should be possible for the Examiner to provide such a reference. Similarly, the Examiner has 
not asserted or implied in the phone conferences that he has personal knowledge that appropriate 
approaches are known in the art for perfonning the requires submicron particle separation. 

Cited referei^ces must teach all of the claim elements. Specifically, the cited art must 
place the invention in the bands of the public to support an obviousness or anticipation rejection. 
The Koksbang '880 patent simply does not put the invention in the hands of the pubbc. 
Certainly, with respect to Applicants' claimed invention, the Examiner has fallen far short of 
meeting his burden of establishing prima facie anticipation or obviousness. 

If a person of ordinary skill in the art could practice the claimed invention without undue 
experimentation based on the disclosure in the Koksbang '880 patent, the Examiner should easily 
be able to support that assertion with some kind of evidence. The Examiner has presented no 
evidence to support an obviousness rejection over the Koksbang '880 patent. 

Since the Examiner has fallen short of establishing poma facie unpatentability of 
Applicants' claimed invention, the rejection should be withdrawn. 
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Group 2 Claim 

The claims of group 2 relate to collections of metal vanadium oxide particles with an 
averflgc particle size ftom 5 nm (0.005 microns) to 100 lam (0.1 microns). As indicated above, 
the Koksbang *880 patent does not disclose metal vanadium oxide particles with an average 
particle size of less than about 1 micron, let alone average particle size from 0.005 microns to OA 
microns. Therefore, the Exarainer has failed to establish tffima facje anticipation of this claim. 

C. REJECTION OVER TAKAMUKI '738 - Third grounds of rejection 

The Examiner rejected claims 1-3, 10, 22, and 24-29 under 35 U.S.C § 103(a) as being 
unpatentable over U.S. Patent 5,556,738 to Takamuki et al. (the Takamnki 738 patent). 
Applicants respectfully reqxtest reconsideration of the rejection based on the following analysis. 
The Examiner has failed to establish a prima fade case of obviousness. The same deficiencies 
present in the Koksbang '214 patent and the Koksbang '880 patent regarding metal vanadium 
oxide particles having an ayeirage diameter less than about 1 micron are also present in the 
Takamuki '738 patent. 

Also, Examiner rejected dependent claims 22 and 24-29 using the T^amuki *738 patent 
without rejecting the corresponding independent claim 17 using the Takamuki *738 patent. 
Applicants respectfully request clarification of the status of claims 1 7, 22, and 24-29 with respect 
to the Takamuki *738 patent. Applicants will address claims 17, 22, and 24-29 under the 
Takamuki *738 patent. 

Group 1 Claims 

Group 1 claims are directed to "...particles comprising metal vanadiun^ oxide , the 
particles having an average diameter less than about 1 nniicron." Lot the Office Action dated July 
16, 2007, Examiner states that 'Takamuki *738 discloses fine particles comprising mixed metal 
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oxide having a particle size (see column 5, lines 21-23) and specifically vanadium pentoxide (see 
colunrm 5, lines 51 and 52)." Examiner appears to ignore that particles comprising metal 
vanadium oxide must not only contain vanadium atom(s) but also metal tton-vawadium 
atOJOtt(s) in the oxide composition as disclosed in the specification. In other words, particles 
comprising metal vanadixim oxide have a composition of MxYyO^, where M refers to a non- 
vanadium metal atom and where x, y, and z describe the stoichiometry. Vandium pentoxide 
(V2O5) is NOT a metal vanadium oxide because it is missing the non-vanadium metal atom. A 
metal vanadium oxide composition does not refer either to physical blends of different particles 
or to coatings on particles. The claimed invention refers to a particular composition of matter 
that is formed into particles with the claimed average particle size. Applicants do not acquiesce 
that Takamuki teaches an oxide at all since in some contexts metal oxide "sols" refers to 
hydrated or hydroxide forms of the materials. Since Takamuki clearly does not teach a metal 
vanadium oxide, this issue is moot. 

Examiner also states that 'Takamuki fails to specifically disclose an average diameter of 
less than about 1 micron." Examiner stated that it's obvious by citing to TakamuM's disclosure 
of "mixed metal oxide having a particle size of 1-300 (see column 5, lines 21-23) and 
specifically 30 imi for vanadium pentaoxide (see column 5, lines 51 and 52), and a gelatin shell 
of 1-500 nm which is previously cross-linked to increase miscibility (see column 5, lines 58-60^ 
65, 66)." These citations of Takamuki feil to disclose metal vanadium oxide particles with an 
average diameter of less than about 1 micron. Column 5, lines 21-23 is not directed to metal 
vanadium oxide particles. Column 5> lines 51 and 52 is also not directed to metal vanadium 
oxide particles. Column 5, Imes 58-60 is not directed to either metal vanadium oxide particles or 
particle size but the thickness of a gelatin shell. Not only do these citations fail to disclose the 
claimed invention, Examiner failed to provide a reason for modifying these citations to the 
claimed invention of metal vanadium oxide particles with an average diameter of less than about 
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1 micron (e.g. Examiner failed to provide a secondary reference that makes up for the 
deficiencies of Takamuki). TliuSj the Examiner has felled to establish prima facie obviousness of 
the Group 1 claims. 

Grout) 3 Claim 

The claim of group 3 relate to collections of metal vanadium oxide particles with an 
average particle size from 5 nm (0.005 microns) to 50 nm (0*05 microns). As indicated above, 
the Takamuki '738 patent does not disclose metal vanadium oxide particles with an average 
particle si^e of less than about 1 trdcron, let alone average particle size from 0.005 microns to 
0.05 microns. Thus, the Examiner has failed to estabUsh prima facie obviousness of tlie Group 3 
claim. 

Group 4 Claims 

Group 4 claims is directed to *'[a] method of producing particles of m etal vanadium oxide 
comprising heating a mixture of vangHiiim mrirfe particles with a noit^vanadiuni metal 
compoimd, the vanadium oxide particles having an average diameter less than about 1 micron." 
In the Office Action dated July 16, 2007, Examiner basically repeated his rejection for claim 1 
only to add that *Svherein the particles are mixed at a temperature of 30-80 degrees Celsius." 
Examiner completely ignores the step of beating vanadium oxide particles with a non- vanadium 
metal. Col 5s lines 51 md 52 as cited by the Examiner discloses vanadium pentaoxide^ which is 
an example of inorganic fine particles used in Talcamuki's invention. Takamuki also discloses 
mixing a gelatin aqueous solution and an aqueous dispersion of inoi^ganic fine particles, 
gradually adding a cross-linking agent, and stirring at a temperature of 30-80 degrees Celsius. 
Col. 6, lines 12-18. Takamuki discloses heating a vanadium oxide with a gelatin or cross-linking 
agent NOT a non-vanadiiim metal compound . Also, as indicated above, Examiner states that 
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the limitation of average diameter of less thai5 about 1 micron is obvioios without ptxividing any 
teaching, motivation, or suggestion. Thus, the Examiner failed to establish prima facie 
obviousness of group 4 claims* 

Group 5 Claims 

Claims ate directed to crystiiHine metal vanadium oxide* Examiner states that it*s 
obvious because "Takamulci disclose both tabular and crystal grains (column 3, lines 19-22)." 
The crystal grains are directed to silver halides regarding the growth of stiver halides aud 
achieving high sensitivity. Takamuki does not disclose crystalline, metal vanadium oyide . As 
indicated above, Takamuki fails to disclose particles comprising metal vanadium oxide. Also 
indicated above, Examiner states that the limitation of average diameter of less than about 1 
micron is obvious without providing any teaching, motivation^ or suggestion. Thus, the 
Examiner failed to establish prima facie obviousness of Group 5 claims, 

Summarv 

The Examiner has failed to meet his burden of establishing pxima fade unpatentability of 
Applicants' claimed invention based on the Koksbang *214 patent, the Koksbang '880 patent, and 
tlie Takamuki *738 patent. Applicants respectfiilly request withdrawal of the rejection of claims 
1-3, 10, 17-22, and 24-29. 
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CONCLUSIONS AND REQUEST FOR RELIEF 



Applicants submit that claims 1-3 and 6-29 are in condition for allowance. Thus, Applicants 
respectfully request the reversal of the rejections of cldms 1-3, 10, 17-22, and 24-29 and the 
allowance of claims 1 -3 and 6-29. 
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APPEALED CLAIMS APPENDIX 

1- A collection of particles comprismg metal vanadium oxide, the particles 

having an average diameter less than about 1 micron, 

2. The collection of particles of claim 1 wherein the particles have an average 
diameter from about 5 xm. to about 100 nm 

3. The collection of paiticles of claim 1 wherein the particles have an average 
diameter -from about 5 nm to about 50 nm. 

4-5, (Cancelled) 

6. The collection of particles of claim 1 wherein less than about 1 particle in 
10^ have a diameter greater than about four tunes the average diameter of the coll ection of 
particles. 

7. The collection of particles of claim 1 wherein less than about 1 particle in 
10^ have a diameter greater than about two times the average diameter of the collection of 
particles. 

8. Tbe collection of particles of claim 1 wherein the collection of particles have 
a distribution of particle sizes such that at least about 95 percent of the particles have a 
diameter greater than about 40 percent of the average diameter and less than about 160 
percent of the average diameter. 
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9. The collection of particles of claim 1 wherein the collection of particles have 
a distribution of particle sizes such that at least about 95 percent of the particles have a 
diameter greater than about 60 percent of the average diameter and less than about 140 
percent of the average diameter. 

10. A method of producing particles of raetal vanadium oxide comprising 
heating a mixture of vanadium oxide particles with a non-vanadium metal compound, the 
vanadium oxide particles having an average diameter less than about 1 mdcron. 

11. The method of claim 10 wherein the vanadium oxide particles have an 
average diameter firom about 5 nm to about 100 nm, 

12. The method of claim 10 wherein the non- vanadium metal compound 
comprises silver nitrate. 

13. The method of claim 10 wherein the vanadium oxide particles comprise 
crystalline V2O5, 

14. The method of claim 10 wherein the heating is perfonned at a maximum 
temperature from about 200°C to about 330°C. 

15. Tlie method of claim 10 wherein the h^ing is perforaied at a maximum 
temperature from about 200°C to about 300°C. 

16. Tlie method of claim 10 wherein the heating is performed for less than about 
20 hovxs. 

2 
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17. A battery comprising a positive electrode having active particles comprising 
metal vanadium oxide within a binder, the active particles having an average diameter less 
than about 1 micron. 

18. Tlie battery of claim 17 wherein the active particles have an average 
diameter fiDm about 5 nm to about 100 nm. 

19-21. (Cancelled) 

22. The battery of claim 17 wherein the positive electrode further comprises 

supplementary, electrically conductive particles. 

23- The battery of claim 17 wherein less than about 1 active particle in 10^ have 

a diameter greater the«i about four times the average diameter of the collection of active 
particles. 

24. The collection of particles of claim 1 wherein the particles have an avemge 
diameter less than about 500 nm. 

25. The method of claim 10 wherein the vanadium oxide particles having an 
average diameter less than about 500 nm. 

26. The battery of claim 1 7 wherein the active particles have an average 
diameter less than about 500 nm. 

27. The collection of particles of claim 1 wherein the metal vanadixon oxide is 
crystalline. 
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28. The method of cJaim 10 whereitx the metal vanadium oxide is crj^llina 

29. The battery of claim 1 7 wherein the metal vanadium oxide is crystalline. 
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EVIDENCE APPENDIX 

A - U.S: Patent 5,549,880 to Koksbang was filed by the Applicant in an Monnation 
Disclosure Statement on April 30, 2001 but received by the USPTO on May 4, 2001 and 
considered by the Examiner on June 27, 2001 . This patent was cited by the Examiner in 
subsequent Office Actions beginning with the Office Action dated July 7, 2001 . 
B - U.S. Patent 5,5 1 2^ 1 4 to Koksbang was first cited by the Examiner in an OfSce Action 
dated August 8, 2002. 

C " U.S, Patent 5,556,738 to TalcamuW was first cited by the Examiner in an Office 
Action dated February 1, 2007. 



5 



PAGE 33164 ' RCVD AT 1113/2008 6:08:00 PM [Eastern Standard Time] ' SVR:USPT0-EF}(RF-S/41 ' DNIS:2738300 ' CSID:6127463006' DURATION (mm-S5):10-34 



11/03/2008 18:16 6127463096 



DARDI AND ASSOCIATES 



PAGE 34/64 



United States Patent [i^j 

Koksbang 



(54] MCTHODO? MAKING 

UTHIUM-VAWADIUM-OXIDE ACTtVE 
MATERIAL 

[7d] Invtdlor: Rene Koksbang, 4231 NorwaDc Dr^ 
San Jose, CflHf. 95129 

(21) Appl. No.: 221301 

[221 FUcd: Mar. 31,1994 

(51) InL CL« ... COIG 31/00; HOIM 4/58; 

coiD \5m 

[52] VS. CL „ — _ 423/593; 429/218 

(58.1 Rfcld of Search . „„._ 423/593; 429/218 

(56] RcferGncc9 atcri 

U.S. PATENT DOCUMENTS 

3,063.79^ U/1962 Smith 33/51 

3,063,796 11/1962 Kcinncn - ^ 23/51 

3»72R,442 4/1973 Paktiomov ct al. „ 423/592 

4,06n7n 12/1977 Morgan cial. 423/fi7 

4,119,707 10/1978 Thomoclal. „ 433/592 

4.543,341 9/1985 BBrringcr ct oL 4Z3/593 

4.636548 1/1987 ORataelal. ^...^^ 423/593 

4,330^39 5/19B9 Lcc ct al .. 429/192 

4,879,190 n/1989 Lundfteattrd 429/94 

4,918,035 4/1 PPO Iixmie w al. „ 423/593 

4,920,093 4/1990 Noniikacifll „ 423/393 

4,990^13 2/1991 Ueetnl 429/191 

5,013,620 5/1991 Miyaznkiotnl _ - 429/194 

5,023.071 (5/199J Shetif - ^^.„„„ 423/593 

5,037,712 8/1991 Shackle ci (U, „ ^ 429/19?, 

5,229,225 7/1993 Shackle ^ 429/191 

5.326,545 7/1994 Kolnibang ct nl _ 423/595 



US005549880A 
(11) Patent Nnmber; 
t45j Date of Patent: 



5,549,880 
Aug. 27, 1996 



533^14 8^994 KokAbanj? 423/593 

FORJEIGN PATENT DOCUMENTS 

0397608 11/1990 European Pbl OfT, 

62- 143825 6/1987 Japan ; ' 

63- 112420 5^988 Japm , Z" 

2.233505 9/1990 Japan J 

3-170305 7/1991 Japan ^„ 

94/234<il 10/1994 WJPO . 

Prbrmry BxcmunAr—CbBtit^ L, BowerA, Jr. 
Assistant Examiner— J. Pastercayk 



« 423/593 

« 423/593 

423/593 
423/593 



[57] 



ABSTRACT 



A method of making an electrode aic^ve imtcriaJ of the 
nominal general fbnnula I-*iVj,Ojj where y is greater than 0 
aoa up to about 3 and z is greater than 0 and up to about 8. 
comprises a series of stops. In the tot step, lithium hydiox- 
Ide ia dispersed In an alcohol of the general formula 
Q.Ha,^iOW, The alcohol amd the hydroxide are each in an 
atnount suffldcat to provide a liihium alkoxide of the 
gcntral formula UOC^Ha^, . Next, progTCSsive amounts of 
an oxide of vanadium having the goneral formula V4O5 
(vanadium pcntoxide) are added whifc stirring the mixmrc. 
The amount of vanadium pcntoxide in the mixture ia snlH- 
cient to provide about 3 motcs of vanfl<Jittm for each mole of 
lithium preecm in the aUcoxide. Thcn^ the mixture is heated 
to an elevated temperature for a time aujEBlcient to change the 
color of the oxide of vanadium and provide a solid precipi- 
laic. Tbc solid precipitate is separated from the mixture find 
dried to obtain a powder of an oxide of vanadium having the 
nominal general formula LiVyO,,, 0<y^3 and (te^B. 

Ifi OnSmfi, X Drawing Sheet 
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METHOD OF MAKING 
LITHItJM-VANADIUM-OSlDE ACTIVE 
MATERIAL 

FTELD OF THE INVENTION 

ThiB invention rcJates to elccirochemical barterics, and 
mote partlculai'ly to improvod positive decirodo active 
materia] mainly composed of an oxi'dc of vanadtutn. 

BACKGROUND OF THE INVENTION 

Llihium-bflsed ctOld ot batteries often comprise cathodes 
of trarifrition metfll oxides which arc used as iniercalaHoa 
compounds. The intercalation icacttoti involves the interail- 
tial introdveiion of a guest spociea, namely litliium* into the 
Iiost lattice of the tmndition metal oxide, essentially witliout 
stmcturaJ modification of the host lattice. Such an interca- 
lation reaciioit 19 essentially reversible becaasc suitable 
transition statca arc achieved fbr both the forward and 
revcTftc of the intercalation icaction. 

The bafllc cotnponents of a lithium cell typiqally include 
a Hihium anode, a separator, and a roctal oxide intErcalaiion 
caDiodc active material such oa a vnnadium oxide com- 
pound. The cathode is usually a mjxtme of such an oxide 25 
compound and other cotnponents sud) as graphirc and an 
olecuwlyic/binder which provide ionic transport During cell 
operation, incorporation of lithium in the metal oxide 
Occura. 

Cuttcm batteries contain high surface area aaivc material 
such as vanadium oxide and Hthium vanadium oxide pow- 
derfl (i.a Vp^, LiV^Oj and liVsOa). Tltcsc oxide powders 
are obtained, for example, by milling of vanadium oxide 
material. Current methodft for the manuftcture of powders 
involve mechanical iprinding of vanadJum oxide material 
prepared* fbr example, by rapid quench of molton maleripl 
or by precipitation from an aqueous aolution. 

U.S. Pat, No, 5,013,620 deacribcs solid state synthesU of 
Ui4^V30a obtained by high tfimpcravure melting (at Icaat 
700" C.) of VjOs with Li^COa, in suitable proportions. The 
melt, once cooled, gives rise to Rolid lumps of raateria] 
which are then difficult to crudh and mill in order to obtain 
the cathode material. In addition, there is reaction between 
the molten LtV^O^ product and moiiit cODtainen; which 
causes contamination of the product 

Formation of an cxidc of vanadium in an aqueous solution 
of lithitmi hydroxide produces a gel product which is 
difficul t to filter and dry. The dried product is in the f^wm of 
lumps which are dllBcuIt to grind. 

As can be sccd, present processes produce vanadhim 
oxide in the form of lumps. By standard milling techniques 
it is difficult to reduce die lumpn to a size les^ than I Ob 
micramctcTs (mlcroiis) and extremely difficult to achieve 
closer to 10 microns. Smaller vanadium oxide particle siitcs 55 
arc desirable because the larger the surface area, the higher 
is the current drawn from a bauery while the current dctelty 
on the surface of the vanadium oxide active matetial remains 
low which allows high Utilization of the active material. A 
typical coarse V^O^ powder of 95% purity available irom go 
Fisher Sdcniific Compatiy» has a median particle Jii^e of 
about no microns and a sturfacc area of about 5 mctevsV 
granu Such a powder would need extensive miJlJng. 

Therefore, what is needed is a t3ew process of formiog a 
vanadium oxide based active material which docs not pro- 65 
duce hjmps and which is readily adaptable to large scale 
production. 
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SUMMARY OF THE INVENTION 

In accordance with the invention, a method of making an 
electrode active material of the nominal general fomiula 
Li VyO. where y is greater than 0 and up to about 3 and z is 
greater Uian 0 and up to about comprises a series of steps. 
In the first step, lithium hydroxide is dispersed in tm alcohol 
of the general formula CJH[3^(0H. The alcohol and the 
hydroxide arc each in an amount sufficient to provide a 
lithium alkoxide of the general formula LiOCJH[^,. Next, 
progrcsaive amounts of an oxide of vanadium having the 
general formula V3O5 (vanadium pcntoxidc) are acWod 
while stirring the mixture. The amoimt of vanadium pcn- 
toxide in the mixture is (tuffident to provl{ic about 3 moles 
of vanadium for each mole of Hthium present in the alkox- 
ide, Then, the mixture is heated U> an elevated tempcratuie 
fbr a time sufficient to chatxge the color of the oxide of 
vanadium and provide a solid precipitale. The solid precipi- 
tate 18 fiCjjaiaCBd from the miiaure and dried to obtain a 
powder of an oxide of vanadium having the nominal general 
formula LiV/>,. 0<yfii3 «od 0<izS,%, h should be noted that 
the value of z may slightly exceed 8 and be on the order of 
8.1 but it is less than 9; and the value of y may exceed 3 but 
it is less than 4. Accordingly, the nominal formtila remains 
afl fllKive. 

It is preferred that the mixture contains a atoichiomctric 
amount of the alkoxide and pcntoxidc. This correspondA to 
about % raolea of the alkoxide fbr each 3 tttoles of vanadium 
pentoxido. The stoichiometric mixture ia heated to elevated 
tempersMire in a range of about 70° to about 80* centigrade, 
for about one to about three hours. The progress of the 
reaction UOCH^CH^^.-^V^O^^UVyO^ Is monitored by 
observing a color change fh>m ycllow/red to brown/black. 

Finally, the precipitate is separated from the mixttire and 
is dried at a tempcniture of abont 110* centigrade. A higher 
lempcnrture, such as 150' C. may be used but it is not 
necessary. 

Alcohols which arc suitable for forming the lithium 
alkoxide include methanol, ethanol, propanol, butanol, iso- 
propanol, and higher alcohols. The higher alcohols are likely 
to react mofie slowly with the lithium, Bthanol h preferrtsd. 
When ethanol is used, the lithium hydruxide and ethcnol 
provide a lithium aIkf»dldo of the general formula 
LiOCHaCHs (lilhiimi oxyloteorlitMum cthoxylatc) accord- 
ing to the reaction UOH+CtlgCHaOH-jUOCMaCHa+H^O 
Vanadium pcntoxidc is added to the lithium alkoxide in an 
amount to provide about 3 molea of vanadSum for each mole 
of lithium. Next, the mixture is heated to the elevated 
tcmpcraiupe for a time sufficient to react the vanadium 
pcotoxide with the LiOCHaCH^ until a color change dem^ 
onstratcs the deflited product (precipitate) has been formed. 
The color change is the same as described above. All other 
steps of the process arc accOtding to the genera] method 
described cariicr. In one ombodintcnt. the ethanol is present 
in a solution of 96% ethanol; about 0.5 mole of UtWum 
hydroxide is used for each 200 milliliterB of 96% ethanol; 
and about 0.75 mole of vanadium pentoxide is used for each 
0.5 mole of lithium hydroxide. 

The L4Vj,0^ product of the invention is in the form of a 
fine powder having a surprisingly small particle siac on tlie 
order of 0. 1 to 5 microns, and typically less than 10 microns, 
The cathode matfcrial of the inventioc was te$ted in a cell 
to determine the behavior of spcdiic capacity at an increoi- 
ing number of charge and discharge cycles. 

The nttc capabijjty and cycling capadty was markedly 
improved over lithium vanadhim oxide pnrai^ by conven- 
tional med)ods. 
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U is an object of the invcnlion to provide a new method 
for preparing a Hthi\jTn vati^idiom oxide positive declrodt 
active material for a lithium battery. Another object ia to 
provide a litliium battery having good charge and discharge 
capad^y. Another object is to provide an improved electro- 
chijinical battery baaed on ItthJutn which maJntains ita 
integrity over prolonged Hfc cycle as compared to prcftcotly 
used batieries. Another objE:ct is to provide good convDTflion 
of the stortiae mfltcriala to the lithium vanadivm oxide 
pmduct 

These atid other objects, feamrefl and ndvantagcs will 
become apparent from the following doscripdon of the 
prefbtted embodiments, claims and acemnpanyidg draw- 
ings. 

BRIEF DESCRITOON OF THE DRAWINGS 

FIG. 1 shows the behavior of the spcdftc cajwcily at an 
increasing number of ebat^ nnd diachai]^ eyclcA, 

FIG- 2 is an illustration of a cross-section of a thin battery, 20 
or cell embodying the invention. 
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Dl?rAn-ED DESCRIPTION OF TI-rE 
PJIJSFBRRED EMBODIMENTS 

I. Preparation of Active MfttcriaJ 

lEn one embodiment a positive electrode material of the 
nominal general formula LIV^O^ ia prepared by a aerica of 
steps begintiing with forming a mixture of lithium hydroxide 30 
dispersed in an alcohol of the general formula C^H^^^jOH. 
This produces a Uthiutn ftlkoxidc of tlie general fbmiula 
U0C^2wi accordins to the following general reaction: 
U0H+Cyi^,iOH-^U0C„H,^,+H,0. 



The pfogreas of the reaction may be followed by observ- 
ing a change in color whereby the vanadium pentOAide is 
transformed to a lithium-vanadium oxide product and 
changes from a yellow-red to a brown-black. The reaction 
product is the brown to black solid precipitate which is 
aqiaratcd and dried to obtain a fine powder of an oxide of the 
lithium-Vanadium oxide having the fiomiaal gicncral for- 
mula Li V where y is grefltcr than 0 and less than or equal 
to about 3 and Js 15 juroatcr than 0 and less than or equal to 
about 8. The drying may occur ot ^ tempcrafairc in a range 
of about J.O'* to about 300* centigrade. It is preferred that the 
drying tcmperaiure be 1 J 0* centigrade. Higher temperatures 
are not Strictly necessary but may be more efficient. 

Example 

The method of the invendon was doraoostrflted by using 
lithium hydroxide, 96% cthanol^ and vanadium pentoxidc 
powder (V2O3). 

Viinadium pentoxidc of the general formula V^O^ was 
obtained from Kerr McGce. Johnson Matthey or A)pba 
Products of Dan vers, Mans. It had a melting point of 690" C 
decomposed at 1750" C. and had a specific gravity of 3357 
grams per cc at 18' C. Ji was a yellow to red cryatalljnc 
powder. VtjTiRdium pentoxidc bfts a CA5 number of 1314- 
62-1. 

Alternatively, the vanadium pentoxidc may be prepared 
from ammonium metavanadatc (NRiVOa). The ammoniam 
mctavanadaic is heated to a lempcrature of about 400* C to 
about 450* C to decompose it to vanadium pcntoxide 
(V-(OJ, usually in a ciyslalline fwm (in the presence of 
oxygen). The ammonium mctavonadatc is a solid cryfltalline 
material, usually a white to yellow powder. Roccsaes for 
pfodttciion of ammonium mctavanadatc ate kuown in the an 



The above reaction may be conducted under room tern- and will oot be repeated hem. Such processes arc described 



peratutie condidons, at a temperature in a range of about 15' 
to about 95* centigrade, and prcforably 70*" to 85* C. In 
accordance with the general formula shown above, one mole 
of the lithium hydroxide Ia reacted with one mole of an 
alcohol to form one mole of the lithium alkoxide product, ^ 
Alcohols whidi are suitable for forming the iithmm alko;iide 
include methanol, ethanol, propanol, bntanol, isopropanol, 
and high alcohols. The higher alcohols are likely to react 
more slowly with the lithium. Ethanol is prtterrcd. In the 
case of ethanol, the reaction to form the lithium alkoxide 
(lithium oxalate or lithium cthoxylate) is according to: 
LiOH^HaOTaOH-^UOCHjCHg+Hp. 

The reacticn proceeds rather quicUy in about a few 
minutes. Once the Hthlnm alktudde is formed, to the mixture 
is added progressive amounts of an oxide of vanadium, 
having the gcJieral fomiuia V^O,, Cvanadlum pcntoxide). The 
vanadium pcntoxide is added progressively .while stirring 
the mixture so as to provide about three moles of vanadium 
in the final product for each mole of lithium. This corto- 
spends u> a stoichiometric molar ratio of lithium alkoxide to 
vanadium pcntoxide of about 2 to 3. This mixtoie is heated 
10 a temperature higher than room temperflUare and prefer- 
ably in a range of about 70 to about 80 degrees cemigradc. 
Heating is conducted for at least about one half hour and 
preferably for about one to three hours. In order to ro^l the 
lithium alkoxide with the vanadium pcntoxide according to 
the following general formulas: 



tJOCj,Hart+i+VaOj-*UV,0,+ftifIa ptorfnc^ 



in U.S. PaL Nos. 3,063,795 and 3,063,796; and procssses for 
preparation of ammonium raeiavanadate and then for pro- 
duction of vanadium pcntoxide therefrom are described in 
U.S. Pat. Nos. 3,72M42; 4.061,71 J and 4,119.707, each of 
whicli is incorporated by reference in its entirety. 

Lithium hydroxide is a powder of essentially colorless 
crystals having a specific gravity of approjqimaxoly 2.54 and 
a melting point of approximately 462* centigrade. In this 
example, appraxlmstoly 12 grams of lithium hydroxide was 
dispersed in about 200 mllliliierg of 96% ethanol. The 12 
grams of lithinm hydroxide correflponds to apptnximately 
0.5 mole. 

The lithium hydroxide was dissolved in the alcohol to 
50 provide the UiWum alkoxide. Next, progressive amounts of 
vanadium pcntojtddc were added to the mixture containing 
the littuimi alkoxide while keqsiog die whole nnxture 
stirted. In this excLmple, approximately 136.5 grams of 
vanadium pcntoxide was used which corresponds to about 
0.75 mole, 

•The mixture was then heated to a temperature in a range 
of approximamly 70^ to 80* centigrade for about one to three 
hows. The progress of the reaction was monitorod by a color 
change from the typical ydlow/tcd V^Oj color to a darker 
color which was reddish-brown to brown-black. Siticc moni- 
toring of a color change may be somewhat subjective, it is 
sufBdent lo follow the color change, typically from rela- 
tively light to a relati vcly daricer color. The color changes arc 
dcpcndcfli on several factors including the reaction chero- 
65 istry, partidc size, particle morphology, and impurities. 
Other color charges may be observed beaideft tliose 
descnbed above. The product after filtering and drying, 
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however, will typicQll}^ appear as a brown-blaclc color* The 
acKd precipitate product of the invention was altered and 
dried producing a fine powder of the above-mentioned 
hrown-blBck ooJor. The product was found to have a sui^ 
priflittgly small particle size on the oider of 0. 1 to 5 mictons, 5 
and typically leas than 10 microns. 
_ The vanadium pentaxJdc is typically at least partially 
dissolved in the mixture. Typically, some portion of the 
vanadium penioxide id dissolved and some is dispersed in 
the ml*i4jx^. It is uaually not ncccfisary to use excess JO 
imiountfl of the alkoxide or the pcntoxide to drive tlie 
reaction to completion. Close to stoicliiometric amounts are 
sufficient and prcvetit unneceaftmy waste. It n^ay become 
Dccessary in some sitiialaom to u^e an excess amoutit of the 
alcohoJ in Older to keep the mixture ftom becoming solid '5 
before the reactions arc couiplete. For exattlple, a two to one 
ratio of alcohol to lithium hydroxide prcvctits the formation 
of a solid lump of CHjCHaOLi. Alternatively, it h poasibic 
to use a rdadvely low conccntratira oP alcohol in w&tcr 
solution, i.c., 50% fithanol father than 96% ethnnol to 20 
achieve the same purpose. It is prefietTed to conduct the 
dtyiug step ifl aj^ essentially oxygcflhfree atmosphere such as 
under an inert gas, argon, helium, nitrogen, or under a 
vacuum or flubatmoflphctic prejiflurc. Although It is not 
thought to be ncccsftary, it is possible to also conduet the 
reaction step in a simlTar atmosphere. It is prefciTed to use 
Hnear alcohols in die process, howevcTt btaitthcd alcohols 
may also be used. The lower the alcohol atid the less is the 
branching, the faster the reaction rate one expects. Ethanol 
is the flrgi choice. Wilh methanol being the flcccind choice, 

n. Pteparfltlon of Cell Using Active Material 

Tlie cathode active material of the invention is used to 
prepare caihodcs for lithium based electrochemical cells. S5 
The cycling perfljnnancc of the active material (FIG. 1) was 
obtained using a eel) as shown in FIG. 2. The test cell used 
to dttcnnine capacity had an active area of about 28 era*, 
i^rening to HG. 2» an dcctrochemical cell or battery W has 
a negative electrode side 12, a positive dojtrode side 14, and 40 
ft fleparatof 16 thcttvbotween. In aocoidancc with comrtion 
usage, a bauery may consist of one cell or CMjldple ccHj* The ' 
nej^Hvo electrode is the anode during dischaige, and the 
positive electrode is the caihodc during difichftrgc. The 
ttcgativc electrode side includes current collector 18, typi- 4S 
tally of nickel, iron, stainless fltccl, and/or copper foil, and 
a body of negative electrode material 20, *n» tttgaiivo 
electrode material 20 is sometimes singly rcfbrtcd to os the 
negaiWe electrode or negative electrode composition, the 
negative electrode side 12 may conaisi of ot»ly a meialUc so 
electrode 20 without a separately distinguiRhable currcni 
collector -18, The positive electrode side 14 includes conBnt 
collector 22, (ypically of aluminum, mclcol, iron, Mftinlcss 
Atccl, and/or copper foil, or such ft>i\s having a protective 
conducting coating foil, and a tjody cT poffitivo electrode S5 
material 24. The catliode composition 24 has a typical 
composition Rs set foitli in Tbble 1 and includes the U^/yOj, 
of the inventioti as the active matcriat. The positive ciDCtiode 
matcnal M \s sometimes simply refcrmd to as the positive 
electrode or posidvc electrode oomposillon. The separator 60 
16 is typically a sdld electrolyte or electrolyte separator. 
Suitable elcttrolytc acparators (polymer electrolyte) are 
described in VS. Pat. Noa. 4.830,939, 4,990,413. 5,037.71Z 
and 5.229.225 each of viddch is incorporated herein by 
reference in its entirely. The clccirolyte separator is a soHd « 
organic polymer matrix contaJnitig an ionically conducting 
powder or liquid wiUi an alkali metal salt and the Uquid is 



an aprotic polar solvent, Cell 10 also includes a ptxitective 
covering (not shown) which fimctions to prevent water and 
air from contaciing die reactive layers of the cell 10. 

Cell 10 is preferably a laminar diln cell type inctudlnB a 
Uthhim anode (negative electrode 20). Laminar thin-ceU 
batteries containinB lithium anodes are known in the art. and 
it will be appreciated that the cdl can Include various 
constructions such as bi-fiaced or bi-polar cell designs. 
Examples of cell constructioca include a "jeljy mir or a fan 
folded laminate strip design as described in U.S. Pat. No. 
4,879,190 incorporated herein by refeitsnce in it^ entirety. 

Because the cell utillzeg a HtWum anode layer 20. it is 
neeessaiy to manufectuie the cell in a water (humidLty) flee 
environment. Lithium is cxtrcracJy reactive with water and 
if reacted, a passivation layer can form on the surface of the 
anode layer, reducing die efficiency of die layer, and inercai- 
ing celt impedance. Accordingly, it is particularly desirable 
10 manufacture the cell in an cnvironmcm havinfi a relative 
humidity at room tcmperfliutc of less than 2% (less than 300 
ppm water). An cnvironmcnL containing between 1 ppm and 
50 ppm water, and preferably less than 1 or 2 ppm watcr» 
produces a particularly efficient cell. 

TABLE 1 



TYPICAL CATHOdE COMPOSmON 



perc^mt weight 



Oubm 

PrapylfiftB Cnvbwmc (PC) 
PtalyDhylcnc Onidc (TfiO) 
l^lyElhyToncOlycalDiAcryijiic 

TriMaihyiPblyEthylene 0*ide TH- 
Aaylatc CTMPEOTA) 



45.0 

lao 

33.0 
1.0 

2.0 



The cathode composition containing the active material of 
the invention is coated onto nickel foil , followed by electron 
beam curing (croas-linfcing/pQlymcrizadon) of the acrylatc 
GompODeOt Then the electrolyte is coated on top of the 
cathode and cured with ultraviolet light The lidiium cje^h 
trodc i6 applied on top of the olectroJyio separator and the 
battery is finally placed in a flexible pouch 40 which is heal 
sealed under vacuum. 

The cathode material of the invention was tested in a coll 
to determine the behavior of speciQc capacity at an incrca^ 
ing number of char]ge and dischaigc pydca. 

The rate capabiUty and cycling capacity was maric^dly 
improved over lithium vanadium oxide prepared by conven- 
tional tnethods. The intproved behavior of the specific 
capacity at an increasing number of dharEB and discharge 
cycles is aa shown in FIG. 1. 

Although not wishing to be held lo any particular theory, 
it ifl Uiftugbt that the product of the invention is in the form 
of LiVjOj with perhaps a small amount of LiVaOR. Hence, 
die product LiVyO^, 0<yS3 and 0<z^8 cncompa&scs both 
the LiVgOj and UVjOg. The product of the invention is 
prcffcrrcd compared to other lithium vanadium oxide par* 
ticlcs becanse of the email particle size. In an as-synihesized 
condib'tTn the product is a powder widi particle size on the 
order of 10 microns or less and is easily crashed to a smaller 
size during the formation of the cathode mixtere. The 
fineness of the particJes is important to good perfcrmancfi of 
the c^rbodc Itself because many advantages are obtained. 
They include no breaking of large particles which typically 
occurs during intercalation/disintBrcalation cycles; no con- 
tact loss occurs; better contact between die active material 
and the conductive material (carbon) so it 13 possible to 
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apply hijjh current; and the dectrolytc can reach into iancr- 
most portions of ihe catJjodc to reduce polarization. Such 
gdvantagefl art evidenced by the cycling perfomiance shown 
in FIG. 1. 

The invention provide^ a lilhium vanadium oxide cam- 
pound having high purity» and good energy, power and 
cycling capabiUty. The proceaa of Ihc invention Is efficient 
and rtifldily adaptable to continuous tatttiduction of large 
quandLies of active material in a manufacturing setting. 

WWJt this invention haft been described in terms of 
certain embodimentR thereof, it is not intended ttiai it be 
limited to the above description, biu rather only to the extent 
set foith tn the following claims 

The embodiments of Uic invention in which an exclusive 
piDpcrty or privilege in claimed are defined fn the appended 
claims. 

Wc claim; 

1. A method of mflking an dcctredt active material of the 
nomiflfll general fimnuia UV^O^ where y is greater than 0 
but Jcfw than or equal to 3, and z is greater than 0 but Icbr 
than or C^al to 8, comprisins; 

a. forming a mixture of Jithium hydroxide diflpcised in a 
alcohol of the general formula Ci,M;j^,OH. each of 
sstit} lithium hydroxide and said alcohol being provided ^ 
in an amount sufficient to provide a lithium alkoxidc of 
the general formula UOC^H,^,; 

b. adding to the mixture of step (a) pnogrcsaivc amounts 
of an oxide of vanadium having the general fbimula 
V^Oi (vanedham pcntoxide) while stirring the mixmre; 30 

c. refjcling the vanadium oxide with the allojxide in the 
mixture of step (b) for a time sufficient to provide a 
fioHd precipitate of the general fonnula LiV^O^ and 

d. separating and drying the solid precipitate of ntcp (c) to 
obtain a powder of an oxide of vanadium having the 
nominal general jfonttula LiVJ3^ where 0<yS3 atid 
0<yS8. 

2. The metlicd according tq glaini 1 wherein the mixture 
of st^ (b) inclines 2 moles ortha olkoxide for each 3 moles 
of vanadium pcntoxide. 

3. The mctfiod according to claim 1 wherein the reacting 
step (c) is moitUorcd by observing color change as the 
precipitate is forracd. 

4. The method according to claim 1 whendn the reaction 
temperature of step (c) is in a range of 70'* to 85^ ccndgrade. 

5. The method according to claim 4 \^ereiu the reaction 
icmperaiurc of step (c) is maintained for one half to three 
hours. 

6. The method oocording to claim 1 wherein the drying 
step is conducted at a tcrtipCTatune of 130° to ISO" cend- 
grade. 



8 



33 



40 



AS 



SO 



7. The method according to daim 1 wherdn the alcohol 
is 3BlectBd from the group consisting of methanol and 
cthanol. 

8. A method of making an electtodc active material of the 
general fonnula UVyO^^ whcns y is greater than 0 but leas 
than or equal to 3, and Jt is greater than 0 but less than or 
equal to 8, compri.^lng: 

a. forming a mixture of Hthlum hydroxide diRporscd in 
cthmiol each in an amount sufficient to provide a 
lithium alkoxidc of the general fbiraula UOCHjCl-i^ 
according to the iBBciion 



b. adding to the mixture of stop (a) progressive amounts 
of oxide of vanadium having the general formula 
Vj^Pj; (vanadium penloxidc) while stirring the mixmre; 

a reacting the oxide of vanadium with the LiOCI-I^CHj in 
the mixttirc of step (b) for a time sufficient to proAdde 
a solid precipitate of the general formula UVyO^; and 

d. separating and drying the .soHd precipitate of step (c) to 
obtain a powder of an oxide of vanadium having the 
nominal general formula IaVJO^ where (^^3 aod 
0<z^8. 

5^, The method according to claim 8 wherein the cthanol 
is present in a solution of at least 50% cthanol. 

10. The method according to claim 8 whesrein 96% 
cthanol is used and 0.5 moles of Kthium hydroxide are used 
for each 200 milliliters of 96% ethanol 

U. The method according to claim 9 wherein 0.75 moles 
of vanadium pcntoxide are used in step (b) for each 0.5 
moles of lithium hydroxide used in atcp (a). 

12. The method acconJing to claim 8 whcrcm dje mlxtutr: 
of step (b) includes 2 moica of the alkoxide of &tcp (a) for 
each 3 moles of vanadium pcntoxi.de. 

13. The method accorditifi to daim 8 wherein reacting 
step (c) IB monitored by observing color change an the 
precipitate ict formed. 

14. The method according to claim 8 wherein the reaction 
temperature of step (c) is in a range of about 70** to 85' 
centigrade. 

15. The method accoiilin^ to claim 14 wherein ihc reac- 
tion tempenmife of step (c) is maintained for one half to 
three hours. 

16. The mclhod according to claim 8 wherein the drying 
step is conducted at a temperature of about 110" centigrade. 
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ABSTRACT 



A prcccw of maldas Hthium hattciy eleqirode acUvc raatB- 
ria), having fino particles of vanRdium axidc (V^Oj or 
llthium-vanadUim oxide ^i^p^ intimately mixaJVith 
fine partlcltsg of carbon. TTie process includes forming a wcl 
SO) Wion of a van^m oxide precursor and cartjoiv antl then 
decomposing the pttcarsor/eaTbon mixiuro at an elevated 
lerapcratufc or by atonrimlon in a contitilled atitiosphere. 
Alternatively, i\m particles of vanfldium oxide are fottned 
from ptecurtor halogen compounds Ijy atomlzaiion in oxy- 
gen. 



22 Claims, X nrmidg Shm 
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LtTHUJM BATTERY ELECTHODE 
COMPOSITIONS 

This is a continuation of appHcation Sot. No, OS/040^24 
filed on Max. 30» J 993 now abn. 5 

FIELD OF THE INVENTTON 

TOs invention rtUites to electrochomical batteries and 
mora patticnlarly to improved positive eJentrod© rauterial for tt 
mo with HtWom-cootaining negatiYe electrodes. 

BACKGROUND OP THE TNVBNTION 

Tlie electronic conductiviiy of tmnaitioD metal oxides, is 13 
geoeraily lower than the decironic conductivity of tumailion 
metal aulphides. It is pofl?iiWc to make baitery calhodcs 
contsteij5 trflDRitioa mctaJ sulphide active motcrial and a 
Wnder. However, it is necessary to add cniton to the 
coniposite cathode whctt th© active material is bajicd on an 
ojddc. The requlfemeai for carbon and the amount thereof 
dcpcndaj to flomc extent, on the specific oxide. Hic elec- 
tronic conductivity of vanadium oxides docrcaaea substan- 
tially (2-4 onto of tna^todc) during lithium inflcttion. 
upon dischar^ of a battciy. This increases the need for even* 25 
grtsater mounla of ftddcd carbon. The amount of carbon 
added is usually cquivalc:nt to about 40-50% by volume of 
the cathftdc tnixture. This depends on tlie relative densities 
of the carbon and the other co^rriponcnts in the catltodc. 
Methods which allow reduction oF the carbon content are 
impnrbint in order to incrasc the specific cnciTgicfl of tlie 
battery. 

Curtent batteries contain high surfEiec area oxide poivdcis 
Otrtaincd by ttlilliDg of prcctiraor caaterial. Currem methods 
for the manuftjctwrc of powders involve mechanical grinding 
orprccuiaar material pncpfircd, for example^ by rapid quench 
of tnoJtcn material or by prccipitadon from an aqueous 
fiolntion. A» a rsstilt the preewrsor material is fti the form of 
lumps or large particlca. By standard milling techniques i L is 
difficult to nedticc the lumps to less than 100 nsicTDmeters 40 
and Vdy difficult to grind them to ICSS than 10 to 50 
micromEteis. Smaller particle sizes are derfr^blc bccau?»c the 
laiger the surface area, the hi^er is the current drawn Ih>m 
a battery while the cuneot density on the surface of the 
active material nemains low which allows high utili>.fttion of 45 
the active material. 

SUMMARY OP THE mVENTTON 

AcconJinif to one aspect of the itjvciltion, there is piCK so 
vided a mctiiod for ptcpaiing an electrode material com- 
prising m oxide of vanadiViTtt (vanadium oxide) and carbon, 
in whi^ a Aolution or wet mixture comprising a compound 
containing vanfldi^jm oxide is prepared widi fine particles of 
carhott dispersed thetiein. Tlio Aohition is then dried while 55 
maintainitig dispersion of the cflrbon pafllcleo, nud then is 
heated for a time and at a temperature Miflicient to decom- 
pose the vAitadinm oxide (precwisor) to one or more oxides 
of vaDadium^ hot insiiflScient to ignite the fine pflnMes of 
catbon. Carton paitidea dtp foimed from precursor mate- 60 
rials {Lt acetylene) at temperatures of about 800* C Thus, 
a suitable upper limit for the ptocess of the invention is 800° 
C However* lesser temperatures, as low as about 300^ C, 
ni«y be used. The decotnpoidtiao may occur Jdj mimiies, 
depcoding on the temperature used. TTic product so formed 6s 
has vanadium oxide particles iiuennlngled with fine par- 
ifcles of carbon. 
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Suitable precursors of the vrniadhim oxides are com- 
pounds selected from the group consisting of Nfl^VO,, and 
vanadium n^tide halogen compounds such as VOrL, VOBr 
VOBra, VOBr,. VOQ, \0C\^ VOO^ and simSr com- 
pounds having the Br and CI rcpdaccd by f or K In the ca.<ie 
of NII^VOj. the wet mixmre is desirably aqueous; and the 
NH4VO5 (ammonium meiavanadate) is the pnxursor of the 
V2O5 (vanadium pontoxidc), Tlie VJO^ intermingled with 
carbon is fanned by preparing an aqueous solution com- 
prising ammonium metavanadate aud fine panicles of ca^ 
boti dispersed in the aqueous solutfon. The aqueous solutiori 
is dried while maintjuning di.^pcraon of the carbon particles 
and then the ammouium maavanadate is decottjposed to 
fonn V^O^ intermingled with the carbon particles. 

In a scries of addirional steps, the VjO, intermingled with 
the fine carbon partidcs m^ be included in a second wet 
mixtore comprisio£E X-iOlI. A reaction \s conducted so aa to 
form UVaOR intentJit^glcd with the particlca of carhon. 

In tho case of VOF^, VOBr. VOBr^, VOCl, the wet 
mixtuto is desin^ly non-aqucouS. Vtofldium oxide halogens 
such as VOC^ voCJj and VOBr arc liquid or very deli- 
quescent and may be mixed with carbon with or without a 
noivaqucous solvent 

The dccompositioD of the vanadium oxide compound 
occurs in a range of about 200° C to about 500* C. with 
various compounds havnig varioua decomposition tempera- 
tures. When deconipoBition is condticted in an environment 
which is essentially oxygen-flte. the oxide of vanadium 80 
formed is represented by Uic nominal formula V^O^. When 
the deoomposition i$ performed in on oxygen-containing 
environment, the oxide of vanadium produc^J is represented 
by the nominal fonnizla V^ps. 

When decomposition occurs in jw oxygcti-containitig 
environment, so as to cause ftttnatlon of V^Oa, addttionaJ 
si^s can be added in order to form a lithium/vanadium 
oxide of the nominal formula U VgO^ huctmlngled with the 
fiti© carbon particles, similar to the steps described with 
respect to the NH^VO^ precursor. The addidonal steps 
Ipdudc forming a second wet mlxtnre comprising V^O^ and 
lithium hydroxide and reacting the lithium hydroxide with 
the V2O5 to provide the LfVaQa jnicrmJngied wiili fine 
particles of carbon. 

Preferably, the reaction takes place at a temperature of at 
least about 20" C, It occura more rapidly in a m\gQ of about 
20^ C. to about 60* C It is desired that die LiOH t?e present 
In an amount sulBcient to provide at lesRt one mole of Ll for 
each U moles of the V^O^. 

In stfll another cmbodimcct. fine particles of an oxide of 
VHnadium are ptcpanod by decomposition of a precursor by 
spray drying or atoijiizing. In this.metbdd, a liquid contain- 
ing a vanadium oxide oompound is atomized by coniaciing 
the liquid with a humidified gas fltrcara at a tcmpcrfltUTc 
greater than the temperature of the liquid thereby providing 
vpiy fine partlclcji of an oxide of vanadium. Suitable vana- 
dium oxiden include vanadium oxide halogen cotnpoonds. 
Vhnadium oxide halogen compounds which are suibiWe 
include; VOCU VOCt ^Oa^r VOBr, VOBf;^ VOBr^ and 
VOFj. Hiese compouikls are readily decomposed in bumidl- 
fled air to fonn vanadium oxides V^Oj^ Similar vanadium 
oxide halogen compound* having the Br, or CI, icplaced by 
I, or (xi=l, 2 or 3) may also be usod Among these 
vanadium compounds, VQcia, VOO, and VQBr3 arc In a 
liquid or very deliquescent state and optionally include h 
solvent In the case of the others, the liquid to he atomized 
incUidcs a carrier solvent, preferably a noo-aaueaus, omanic 
solvent 
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ir deeircd. prior to atomizatioiij the liquid corlainJug the 
vanadium oxida compound may also include fine psirticlea of 
carW wWch are ejected iiuo the atomized atream along 
with the vflt)adiuin oxide compound. This fonns fine pur- 
rides of vanadium ojdde V_^0^ intenningled with carbon 
particles. 

It is an object of the invention to provide decttXKlcs of 
improved npcdfic cnci^cs by reducing vanadium oxide 
particle size and by impmving coruact hciween owdc par» 
tides and conductive carbon of the electrode. Other objects 
include reducing cost of production^ reducing or eliminating 
minings and increasing isjnsistcucy and purity oF the elec- 
trode active material. 

Tlicpe and other objects, feotnrss and advantages wiS 
become apparent firom the fbllowing detailed dcseription of 
the preferred embodiments, appctidcd dflims and accompa- 
nying drawings. 

BRIEF DESCRIFHON OF THE DRAWING 

The FIGURE i« an illustration of a cross-sectiaD of a thin 
battciy or ce]l embodying the faivcntioa 

DETAILED DESCRIPTION OF THE 2S 
PREI=:BRRED EMBOD.TMH3frS 

As shown in the drawing^ a lithium ekcirochcmical cell 
or battery 10 has a negative electrode sido 12, a posjlive 
electrode Aide 14, and a separator 1^ ihercbetween. In 
ficoordance whh commoin usaj^^e, a battc^ may consiBt of 
one cell or tnultiplc cqIIb. The negative dccirode is the anode 
during diflchai]gc, and the pofiitivc electrode la the cathode 
during di&chmscL The negative electrode Qidp includes cur- 
rent collcctcr 18, typically of nickel, iron, Alaitilcss stceL, 
and/or copper foil, and a body of negative electrode active 
ittatcria] 20. Tlio negative electrode active matenol 20 is 
soroctuncB simply rcfwcd to as the nej>aeive electzodo. The 
positive clcciTode side incltides cuirent collector 22, fypi- 
catly of alunfiinum, niclu^l, iron, stflit)l0M Stool, tmd/or copper 
foil (such foils usually have a protective cotiducting coat- 
ing), and a body of positive dectmde active mflterial 24 
which has as its main component ot^ ot more oxides of 
vanadium. TTie positive cjectrode nrtive molcrial 24 is 
sometimes simply rcfcrrcd to aa the po(titivc electrode. The „ 
scpamtor 16 is typically a solid electrolyte, or dcctrolyie 
separator A suitable electrolyte sqparator (polymer electro- 
lyte) is described in U.S. Pat. No. 4.830,939. incorporated 
herein xcfcrcnce. Tho electrolyte separator is a solid 
organic polymer matnx containing an ianlcaljy conducting ^ 
liquid with an alkali mcUil Aalt and the Jiquid is an oprotic 
pdar solvent. 

In one embodiment, positive electrode active material of 
vanadium oxide Is intcmtiogled ^ith carbon and is prepared 
&am an ammonium metavanadate precur&OT^ The ammo- ^5 
nium metavaoadaic (NH4YO5) may be prepared fitim aDcali 
solutions of VjOj and precipitation with ammonium chlo- 
ride. The starting material, ammonium metav3nadnic» jji 
diaeolved in solution, preferably an aqueous solution. 
Ammonium mctavanadate ie soluble in 165 parts water, and go 
its solubility increases with tcmperamre. Ammonia enhances 
solubility in water. 

Next, a desired amount of carbon is dl<ipci^ in ihc 
aqueous solution The solution is dried and in the prcfcued 
method, water Is removed by evaporation while the carbon 65 
is dispersed in the solution by atirring or by agitnUon cP the 
reaction vessel. 



2,214 

4 

The final step of the process coiwiftt<» of heating the dried 
mixture of carbon and ammonium mctavanadatc for a time 
and at a temperature sufficient to decompose the arnmonivm 
mctfivftnadalB to one or raoro oxides of vanadium^ but at a 
5 temperature insuffidcnt to ignite the fine pardcles of carbon. 
When tht dccoraposltloti Is conducted in an oxygco-e^n- 
taiiHne environment, the vanadium oxicfc. produced by such 
dccnmposilion. has the nominal formula V^O^ (vanadium 
pcntoxidc). When the decomposition step is coMucted in an 
essentially oxygen-firec cnviroiiracnt, the vanadium oxtdc so 
produced is represented by the nominal foimula V^6,3. 
Preferably, the non-o^ffcn containing ©nvlronmcnt is an 
inert gas stream, such as aigon or idirogen, whereby the 
NH^VO^ ifi decomposed to Vfi^^. Thus, VjO^ and V^0<3 
are each fonncd from the decomposition product of 
NitjVOj while bcuig intermingled with carbon paritclcfi. 
The product b thus esscntialjr in the form of caiton 
particles coated with the vanadium oxide or, depending on 
tiro relative sirca of the cnrbon particles and the vnnadium 
oxide pflttidcs, the oxide partfclai may be coaled with 
carbon. In any event, intimate miidng and intimate contact 
between carbon grains and oxide grains is achieved. 

U is thought thai tho step of heating to decompose may be 
oonductcd at a tcmperfliune in the range of 40£r C. to 430* 
C. or aomcwhat less because the carbon may act as a 
catalyst for the decomposition reaelion. Thus, a temperature 
as low as about 300** C. may be selected. An advant^ of 
the method ia that the intimately mixed earbon and vana- 
dium oxide Is fomicd by beating in an otmospheie wliich 
contains NHn, formed by decomposition of the ammonium 
metavonadatc This is thought to be bcnefrdal because the 
reducing effect of NJH, at 400' C. may remove sulfur and 
organic impurities present in the carbon particles. Suitable 
caibofi particles arc Kctjcn Black or Shawinigan Black 
which arc mixed with the starting NH^VO^ prior to cvftpo- 
ration of the solvent and decomposition of the NH^VOg, 
staled above. Carbon particles are fanned from pwcursor 
mflierials (Lc acetylene) at temperatures of about 800° C. 
Thus, a citable upper limit (br the process of the invention • 
is 800" C. However, lessor lempcratures, as low as about 
300* C. may be used. The decomposition may occur in 
minuteA, depending on the tempcratoic used. 

Pfcfcfably» the carbon particJcs are imprcgtatcd with an 
aqueous solution of the l^VO^. Pfcfcfably, after disper- 
sion of the caibon in the NH^VOj solution, the exee$9 
solvent ia removed by evaporation, filtering and/or vacuum 
drying. Elevated temperature may be used to speed the 
drying process. 

Carbon particles may be obtained IrOm hTouty ChcmicaJ 
Coryoralion, coder tiie designation Kctjcn Black. The 
Kctjcn BlacX particles, in an as-reccivcd condiiirm, have a 
BET surface area of approxiniately 900 m^/gram. Kctjcn 
Blfick has an ;iveiage particle size or equivalent average 
diameter in ihit range of about 10 to 100 nanometers (0.01 
lo 0.1 microns), and typically in the order of 30 nattnme»rs. 
Hius, the carbon partides and oxide particles arc very fine 
and of nricTon or Hubmicnm size. 

The advamagcs of this procedure are that there is 
improved grain-to-grain contact between carbon and vana- 
dium oxide partidcs (V^Os or VrtO,^), and also between the 
various carbon particles, which cnfcnccs the electric con- 
tacts in the caibon and vanadium oxide network of the 
composite electrode. Another advantage is thai the deoom- 
position may occur in a tcnnperaturc of about 300* C. or leftfl» 
as compared to ilic 400° C, for dfscomposiiion of NJ-J^VOg 
in the absence oF carbon. Thm, the proccaa of the invention 
reduces energy neguircmonts and preparation costs. StilK 
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another odvantngc that vanadium oiddc particlca arc 
fonned havteg an avcr^gD size less than 100 micious, 
desirably leas ihan 50 niicrong and, preferably, leas ihan 10 
microns. It ebouJd be noted that mcdi^i particle flize lefcxs 
to diflt sixc at wMch ^0% by weight of dre psrtides are, j 
respectively, above and below in size. 

In another embodiincnt, the method of the invcnilon can 
be used to prepare LiVgOp fn ft completely atnorphons state 
and Jn intimate cdtitdct with pEotldes of caitK>n. The amor- 
phous state IS beoefiaal for rate capabilities and energy 
density. This corapoaite iB prepared by fonniiig a VjOP 
catbon mim:c as described above. This V^iO^cartmn com- 
pQsiiion is then dispeoed in a solution of UOH in water, 
where the amount of V^O^ and LiOH coirespntids to tlic 
fttoiciriomctric amounts of the two compounds needed for 
ftwrtrntion of LiV^Oft. It is thought that port of the" V3O, 15 
dissolves in fiolutian, fbl lowed by reaction between the 
dissolved VyO^^ UOH mid water and then with the remain- 
ing solid Vjbj, with the subsegueot ftjnnatlon of UVfi^. 
The reaction 15 fetdy slow at room terapcratwe, but proceeds 
ataiieasooablera£cata50'*CL to60° C Aprecess offtdding 20 
ptogresave amounts of vaoadium pentoxirie to an LiOH . 
solution is more ftifiy described in 0-S. PaL No. 5,039,582. 
which is incorporated bcroin in its entirety by reference. The 
reaction to form UV3OR is conducted while keeping the 
catbon and undissolved V^Os dispersed in soludon, so that 
Che contact between the product LiV^Os and tbe carbon is 
optimizel Advantageously, because pari of the V,Oj In 
dissolved during the procedure, intiinate mixing between die 
VjOj precursor from which the LiVgOg is formed and the 
carbon, is efiACJitifllly automatically achieved. Particle size of 
the lithium vanadium ondc is on the order of that described 
eailicr ln connection widn and V^^Oig. 

In still another embodimeot, other vanadium gxidc com- 
pounds ace decomposed to form binary vanf^dium oxides 
VJ>y tnicfmitt^ed with fine carbon partides. Suitable vana- 
dium oxide compounds include vonadjum oxido halogens ^ 
such as VOBr, VOBr,, Voa mid VOF2 which are all 
thoug^ht to decortipose below 200^ C CKcopt VOBr which 
decomposes at a i^petature of about 480* C OlJiere are 
VOa^, VOOa and ^ liquids and. therefore^ 

easy to mix with carbon or absorb carbon. The family of 4C) 
vanadium oxide halogcnit tvhich htq useful in tlie process ar^ 
represented hy the general formula V. O. M^^ whetc x= 1. 2 
or 3. 

In the baste method, the vanadium oxide halogen com- 
pound is mixed wjih pOTticles of caibon, forming a wei 45 
ml)(tuiift. The ablvcm 15 tlien dried while mflimmmng dis- 
persion of the carbon particles, and then is heabod for a time 
and at a tcmpciatuio sofficicnt to decompose tho vanadium 
oxide compound to one or mone oxides of vanadium, but 
iflsufl&dent to ignite the jic pctrticies of carbon* The pNfoduct 
so fonned eomprtsed patticlos of one or more oxides of 
vanadhim Intennittglcd with fiite particles of carbon. Given 
the pTOSCDce of carbon, which sets as a catalyflt, reduction of 
the stated decomposition temperature* is poMihle, It should 
be noted tbat at lower decomposition tempcrBtuics. some 
compounds may become less stable and may react with 
waDcr end. tbcrcfore, require handling imdcr inert gos con- 
dilions^ or with q non-flqneous solvent, 

tn still anoth^ cmbodimsni. Qnely dispersed powders of 
binary vanadium oxidca an: fiomied from vanadinni oxide 
halogens (V^OyMj, M=a, Br, F or I) by decomposidon in ^ 
a moist atmospbetc by fltomi2dtion. Such compounds arc 
CXoiiq>lificd by the general fonnula V,OiM, where x=l, 2 or 
3. Among the vanadium oxide halo^ compounds. VOGa» 
VOCI5 and VOBfa are particularly suitable hocause they $rc 
liquids and a eattier solvent (^peraant) may not be requited ^ 
for aiomixBtion or spray diying* Other vanadium oxide 
hrtlogen compmindfl snrft as VOBr, VOBr^, VOCl atid 



VOF7, ore not typically in a liquid condition, these com- 
pounds may be diisolvcd or dUpctsed in a non-aqueous 
solvent and dicu atomized to achieve Suqly dispcrsedKnary 
Vfi poxvdcrs. When the dccomposiHon lakes place in open 
air, fee major component of such deoompoaltion will be 
V2O5. However, by adjusting the reducing properties of the 
atmoaphcrc, various vanadium oxides in the ifonn of iloc 
pafticTcs may be obtained. Such patu'eles arc of micron or 
submicron size. In the absence of carbon the finely dispersed 
vanadium oxide powders so produced are then mixed with 
carbon without the necefisity of hall-milHng to pchicve 
imimatc contact. Alternatively, fine partides of caibon may 
be included in the liquid prior to atomizing. TTie conditions 
for Btomizailon arc rather broad and include farming drop- 
lcb» in a gas stream containing wmer, i.e, honridlfled gas 
stream. The conditions fbr dccomposib'on of an atomized 
stream of VO halogctj compounds (VP-M^) are rather 
broad. From a practical view point, there must be sufficient 
humidity to permit reaction between VfiSd^ molecules and 
dtoplcifl or molecules of walct ITtos, even a smalt amount 
of water In an air stream will yield some binary oxide 
product As the air is made more humid, the dispenion and 
difEUsicwn of water molecules result it) Improved contact with 
V,OyIVt^ molecules, and a greater yield of binary V-Oy 
product The temperatot© of such process must bo suffldetii 
to prevent recondipnsation of Water and consequential reduc- 
tion of water in the humid air. Ii is possible to conduct the 
atomi^aitofl/dccompoaition at about room temperature, i.e. 
about iO* C to about 40' C. and then adjust the flow of 
atomized V^OyM^ and humid air to achieve a desired yield. 
The theoretical upper temperature limit ifi thj^t at which 
decompositioD of the desired binary oxide product, or car- 
hen particles intermingled therewiUu oocura. This is thought 
to tw on die order of about 800" C. 

Tht vanadium oxides of the invention were t)sed to 
prepare cells with lithium-based anodes. Several cells were 
prepared by mixing oxide active materia] catlxm (typical 
Sbawinigan Black) and dectrolytc/binder. The oxides woe 
prepared with and without caf^n. Tliua, in some cmes, 
carbon parriclcfl were added after fine particles of the oxide 
had been fonoed. A typical conipositioo is as given in T^jIc 

TABLE 1 



TVpfcrO QHhodc OiKnpD4iijon 



Percent by Wrighi 



Minfldhuo Oxide 

Pmpylcno Oirbonala (PC) 
PoIyBbyfcir Oxide (tgp) 
PoljBlhyhnEGlycolDiActylntc (IpEODa) 
Tri Medty lPfllynihyiBne Oxitic TWAoylhte 
(TMPEOTA) 



45.2% 

1.0% 
8.8% 
1J% 



The cathode was coated onto nickel foil fJaUowed by 
declron beam curing (ccoss-UriWnB/polymerlzfltioii) Of the 
acrylate component Then the electrolyte was coated on top 
of the cathode and cured with ultraviolet ligbL The lithium 
doctrodc was appHed on top of the electrolyte separator and 
the battery was fiitaUy placed in a flexible pouch which was 
heat scaled under vacuum. 

Tte energy density of the batteries based on theac new 
electrode materials is improved. That is believed to be 
achieved by decreasing the carbon content of Uae cathode^ 
providing better contact between the carbon and the vanar 
dium oxide, and keeping the carbon content at a lesser level 
than would oihcrwise be required due to the increased 
contact which increases the electronic conductivity allowing 
higher current drains, while the energy density remflins 
esscndfllly unchanged. Panicle size is on the order of less 
Uian 100 microos, desirably less than 50 mierons and, 
preferably. lca.<» than 10 miernnsi. 
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The method of the invcDiion cli'minaies, or ai (easl 
nsduDcs, ibe need for standard milling technlqucj^ whctxsby 
it is difRcuk to ttsducc particle tdrjc to less tfjan about 100 
TDicrotis. SiTicc suitable particle size, lc&$ Uian 50 micrcmB 
and, prcJferoWy, bss thim 10 niicrons ia achieved by intimate 5 
njUing with caibon to form an elcjctronicoJly conducting 
carbon network with good contact to the active material on 
a tnlcroficopic scale, the favcntipo avoids heavy-duty milling 
methodfl. Howovct, if dcsitcd, nulling of the final product is 
possible and dcsiicd for mixitig of carbon with oxide par- 
ticles if snch carbon was not prcvimisly included. The 
dejDttc of any milling is greatly rcdu<;ed. Tbai im the mixing 
ftifce of any subsequent milling step ^ould be very much be 
n;dQccd. 

While this hivcrrtinn has been described in terms of 
certain embodiments thereof; it is not intended that it be 
limited to tbo above description, but rniher only to the extent 
set i^ntb in tbe following claims. 

The embodimiEaits of tbe invention in v/Wch an exclusive 
property or privilege fa claimed arc defined in the appended 
claims. 20 

I claim: 

1. A method of preparing a composition for an electrode 
oomprtsinp forming a wet mixuirc consisting cflscntially of 
atnmonlum metavmiadate (NHaVOg) and fine paiticlos of 
carbon diapcrMid in ft solvent, removing at least a ponion of ^ 
the solvent and decomposiflft the ammonium mctavjujadate 
in an oxygen-containing environment at a tempcnuurc suf- 
ficient 10 form particles of an oxide of vanadfiura reptttscntcd 
by the nominal general formula V^Os intermingled with and 
in grain-to-grain contact with the fine carbon particlea. 30 

X The method according to claim L wherein tbe decom- 
poditton temperature is in a range of about 300<* C- to about 
450" C 

3. The method accotxiing to claim 1, wberem aaid at least 
portion of the solvent iR rctnovcd from the mixtuns by ,5 
6]tmion or vacuum sensation, 

4. The method accorditlg to Claim 1» whcwin said at least 
a portion of die solvent is removed by heating to a tempera^ 
ture less than the dccomposiiion tcmperatui^, 

5. The method act»tdijjg to claim 1 and ftinher cotnpriV 
injg after said decomposition;. 

forming a second wot mixture comprising the dccompo- 
fiition product and lithium hydroxide (UOH), and 
Tcactli^ the LiOH with the decqmposition prtiduci for 
a litue Emd tit n second temperahitie Ruflicfent to provide 
lithium-yanadium oxide of the nominal fomiula 
UVjOg iotciTiunglcd witB and in grain-to-grain contact 
with the ftnc carbon partidea, 

6. The metlud aceonling to claim 5, whqrein the second 
tempcrflture is at leaai about 10^ C. 

7. The mctlwd according to claim S, wlterem the aecond 50 
terapcrahirc is in a range of about 20* C. to about 60° C. 

8. The method according to daim 5, wherein the LiOH is 
present in an amount aufficiem to provide ai least one mde 
of Li for each 1.5 moics of the VaOj. 

9. A method of preparinj; a composition for an electrode, 
comprising; 

a) forraiog a mixture comprising a vanadium oxide halo- 
gen compound and fine particlea of carbon dispersed in 
the mixture; and 

b) decoiTTposii^ the vanadium oxide hsiogcn compound 60 
lo form particles of one or more oxides of vanadium, 
and intcrminitling tbo particlea of rfie one or more 
oxides of vanadium with the fine carbon particles in 
gndn-to-j^raJn contact therewith. 

10. The method according to claim 9, whor^n the mixtwi! 
of step (a) includes a sol vent and before step (b) ai least a 
portion of the solvent is Ttnnoved from the mlxtui^ 



8 



IX, Tlic method accoidiog to claim 9. wherrin the vana- 
dium osidc halogen compound is selected from- the group 
consisting of VOF^, VOBr, VOBr,. VOBr,, VOQ, VOO, 
andVOCl^. * ^ 

12. The method according 10 daim 9» wherein tbe tem- 
perature is in a ranijB of about 200** C. Id about 500*» C 

13. The method according to daim 9. whennn step (]a) ia 
conducted in an environment which in essentially oxygcn- 
frce, thereby pioviding the oxide of vanadium represented 
by the nominal fonnula V„0i3» 

14. The incthod according to daim 9, whcttrfn step (b) U 
conducted in on oxygen-contaimng environment thei^y 
providing the oxide of vanadium represented by tlje nominal 
fbrtnuia V2O3. 

15. The method according to claim t4 and l\irthcr com- 
prising; 

forming « second tnixiurc compming the product of step 
(b) and lithium hydroxide (LiOH). and leas^in^ such 
mixture of UOH and aaid product of step (o) for a time 
and at a second tempemture /mmcient tn provide 
lithium^vanadlum oxide of the honrinal fbrnmla 
UVgOg intermingled with the fine carbon pnitidcs. 

16. Tbe method according to claim 15, ivhercin the second 
temperaiurt is at least about 20^ C. 

17. liic method according to claim 15. wherein the second 
tcraperaiuro is in a range of about 2Cr C to about 60° C. 

IS. Tlic method according to dajm J5, wherein the UOH 
is present in an amount sufficient to provide at least one mole 
of Li for each 1 J moles of the V3O3. 

19. The method according to clflim 1 wherein the ftolvcnt 
removal and tbe dccompoflition are each conducted at an 
elevated temperattire, and the flolvcDt removal tcmpcr^ure 
is Jess than tbe decomposition temperatarCw 

20. Ttic method according to claim 9 wherein the mixture 
of step (a) mdudes a solvent, before atcp (b) at least a 
portion of the solvent is removed from the mhturc, the 
solvent removal ^ the decomposition are each conducted 
at an devaied tcmpcmwre, and the solvent rcir»va! tern- 
perauire la less than the dccompofrition temperature. 

21. A method of preparing a compo9irion Tot an dcctrodc 
comprising; 

a) forming a mixture consisting essentially of ajnmcmnm 
mctavanadatc miyO:d and fine particles of carbon 
dispersed in a solvent; 

b) drying the rdxhue at a iirst tcmperatun: while main, 
taining disperftion of the carbon panidos; and 

c) heftting the prodnct of step (b) for a time and at a second 
temperature greater than the first temperTitiirc and suf- 
ficient to decompose the ammoniarn metavanadate In 
an oxygcTi-containing environment to form partidcs of 
one or mor^ oxides of vsmadium and insulEdent to 
ignite the fine pmidcfl of carbon, and iniermimgling the 
particles of the one or more oxides of vanadium with 
the fine carbon partidc? in grain-to-gnflin contact there- 
with. 

22. The method according to daim 21 and further cora- 
prising after step (c); 

forming a sccoi^d wet tnixturc eompriaing the product of 
step (c) and lithium hydroxide (LiOH). and reacting the 
UOH with die product of step (c) for a time and at a 
third tcmperamrc less than the second tcmpecatuie and 
flulSdent to provide Kthium-vanadinm oxi<Je of the 
ttoininnl formula UV^O. intcnmngied with and in 
grain-to-grain conMct with the fine carbon pnrtides. 
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f57] ABSTRACT 

A 5ilvcr halidc photo^aphic clement with enhanced senai- 
tivlcy and improved pwiftsurc resistance is disclosed^ com- 
prising a support having, on at least one side thereof, 
hydrophilic colldda] layers including a light-sensitive silver 
halide emulsion layer and a nonli^t-sensitivE hydrophilic 
coUoidal layer, wherein the nonlight-scnsJtivc layer comains 
organic matBriat-aggrogation partidcs; and gelatin oon- 
taiped in the total hydruphiJic colloidal layers provided oti 
otic side of the support amounts to a range of 1 .3 to 2.5 r our 
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SILVER HALIDE FHOTOGRAFHIC 
ELKWENT AND PROCESSING METHOD 
THEREOF 

FIELD OF THE INVENTION 

The present invention relaiEs to a sDver halidc photo- 
graphic element and a processing method thereof, and 
particuiariy to a silver halide phoiographic elGment high in 
sensitivity and excellent in piessme cbaracteiisiics oven 
when the total pitx»ssing time is 30 seconds or less ^[ a 
reduced developer-replenishing rate. 

BACKGROUND OF THE INVENTION 

Recently, a rapid advancement in shortening of access 
time to an image has been made through progress in elec- 
tronics, leading to ftirther deni«nd for more rapid pmcesaing 
of a silver halide dcmcnL 

Techni<jue have been known for promoting photograpWc- 
pwcssing speed such as a developing rate, fixing rate, 
washing rate or drying rate by reducing the amount of 
gelatin used as a binder for dispersing and protecting silver 
halide grains to provide rapid-processability. 

With reduction of the amount of gelatin used, highly 
sensitive silver halide grains become increasingly less able 
to resist external pressure* so that, when processed in an 
automatic processor, numerous small fipot-Ukc uneven den- 
sity, 80-callod roller maifcs, produced by prewurc due to 
unevenncas of the transporting rollers operating in the 
developing bath of the automatic processor, BspedaUy when 
processed within a total processing lime of 30 seconds, the 
roller mark problem becomes pronounced. 

Recently, furthermore* (snvimnmeutal pollution has been 
viewed as a world-wide problem, causing a rise Jn interest 
in waste-materlql at home and abroad to the point that 
responsibility for nsduction in wnftte-materiaJ at the corpo- 
rate level has been called for. 

Under these conditions, reduction of photographic pro- 
cessing effluent becomes an urgent problem to be solved In 
ortier to achieve such reductions* there were disclosed 
techniques of making tabular silver halide grains or applying 
seletiium-scnsitization to silver halide grainQ, as shown, for 
example, in JP-A 4^291252/1992 (the tetm "JP-A" herein 
means an ••unexamined published Japanese patent applica- 
tion"). However, the level of leduaion in the replenishing 
rale is stilj insufficient and it was found diat further leduction 
lowered the level to pressure resiswmcc. 
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DETAIL DESCRIPTION OF THE TNVENTTON 

The organic matcrial-aggncgation particles used in the 
invention are each compriaecl of fine particles of organic 
material in on aggregated form. Thus, a plurality of fine 
particles of an organic material (primary partides) having an 
average size of 0.05 to 0.50 \xm. aggregate with each otlicr 
to form particles having an average suse of 1.0 to 20.0 pm. 

The aggregation particles may be either spherical or in an 
unfixed fornfi 'Hie organic material comprises a homo- 
polymer of alkyl methacrylate, alkyl acrylate, fluorine- or 
silicon-substituted alky] methacrylato. acrylatc or styrcne, or 
a copolymer thereof. As examples of monomer components, 
are cited methyl methacrylatc, ethyl ajcthacrylaic, n-buty] 
mcthacrylate, n-hcxyl methacrylatc, 2^thylhexyl mcthacry- 
l8lc,cyclohexyl mcthacrylate» benzyl mcthacrylate, methyl 
mcthacryiaie, ethyl acrylate. n-butyl actylate, 2.hyaTOxy- 
cthyl raethaacrylatc, 2^iTietboxycthy) mcthacrylate, 2-mcth. 
ncsulfonamidcclhyl methact^late, trifluoromcthyl mcth- 
acrylaiel-trihydroxysaylpropyl mcthacrylnic. Examples of 
polymers aro as follows, in which the weight ratio of 
monomers is shown in the parenthese. Aggrega^on particles 
thereof aro prepared ao as to have an average size of 4,0 pm, 
comprising primary partides having an average size of 0.1 
pm. 
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B-1 

B-8 

B-10 
B-11 



Polymohyl mcthacrylptc 
Polyathy) methnciylatc 

mtthQcrylatQ/islhyl mclhataylmO copolytucr 

isOWO)' mcthftcrylmc) copolymer 

(Mediyl ttKihaoylBto/ethyl mcthnctylmc) copolymer 

(MothyJ meihftCiylHlc/atylent) copolyitior C70G0) 
(StylcnetelUylnetyJatc) copolymer (60/40) 
PgiytrinoonuTtclliyl nMtfaactyt&lc 
(THfluofometbyl methaaylntcftnclhyl mcthocrylntc) 
copolymer (50/50) 

(THAoonnnclhyl mwhncrylnic/Jtytenc) copolymer (30/70) 
Polyitylcnc 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a photo- 
graphic clement high in sensitivity, improved in pressure 
resistance and suited for rapid-pracesslog without causing 
tde roller marks to occur even when processed at a low 
replenishing rate in view of environment, and a processing 
method thereof. ^ 

The object of the invention can be aceomplwhed by a 
Silver habdc photographic elemeal oompriglng a support 
having therson a silver halide emulsion layer and a nonlighl- 
acnsmve hydrophilic colloid layer, wherdn said nonlight- 
sensmve hydrophilic colloid layer contains oiganic mate^ 
nal^aggtegaling particles and the total amount of gelatin 
contained in all hydrophilic colloid layers provided on one 
side of the support is 1.3 to 2^ g per m^ 
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Among the above, polymcthyl methacrylatc is preferable. 

As examples thereof are died GR-5 and GR^5P (product 
of .Soh3wn (3icraicals Corp.), lb display effects without 
causing deterioration in haze, an addition amount thereof is 
preferably 10 to 200 mg/in^. It may be added to any layer 
such as an emulsion layer or protective layer preferably lo a 
protccdve layer. Particularly, when the protective layer is 
divided into two Of more layers, it is more preferable to add 
into an uppermosl layer. 

In the invention, the amount of gelatin comained in all of 
hydrophilic colloid layers including an emulsion layer pro- 
vided on one side of a support is preferably 1 .3 to 2.5 Jm^ 
more preferably 1.5 to 23 g/m^. * 

As gelatin is cited so-called alkali-treated gelatin or 
acid-treated gelatin. 

As silver halide applicable in the invention, it is preferable 
to use tabular grains so as to achieve high sensitivity. Any 
silver halide such as silver bromide, silver chloride, silver 
chlorobromide, silver iodochlorobromido or silver iodobro- 
mide may be opdonally usable. Among these, silver iodo- 
bromide is preferable. 

ITie tabular grains arc described in U,S. Pat, Nos. 4 439 
520, 4,425,425 and 4,414.304 and the desii^ tabular giains 
can be readily obtained. The tabular grains are able to cause 
silver halide different in composition to grow epitaxially or 
shell on a specific site of the surface thcteof. Rirther, to 
control a sensitivity specK a dislocation Hue may be located 
on the surface or inside of the grain. 
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In the invcniioJi, tabular grains having an aspect ratio of 
not less than 2. preferably, account for 50% or moTc of the 
pnojccted area of total grains contained in a layer containing 
the iflbolar grains. 

As ihfi proportion of the tabular grains is increased lo 5 
60%, further to 70% and fUrthennorc lo g09&» the more 
preferable results have been achieved. The term, an "aspect 
ratio*' nricana on raUo of a diameter of a circle equivalent to 
the projected ana of the grain to a diatfincc between two 
parallel tabular faces. In the invention, the aspect ratio is not lo 
less than 2 and less than 20, preferably not less than 3 and 
less than 16, 

Tabular grains of the invention have a thickneis of not 
more than 0.5 \m, preferably not more than 03 pm. As to the 
sisc distribution of the tabular grains, is prcferablB a mono- 
dispersed emulsion having a cocIEdent of vanalioi) of grain 
size of 30% or less, preferably 20% or less, which is 
represented by a standard deviation of the grain size (S) 
divided by an average size (D), i.e.. S/DxlOO (%). The 
tabular grains may be mixed with non-tabular regular cmtal ^ 
grains. 

To control the grain growth during the course of foinilng 
the tabular grains, there may be usable a silver haljdc solvent 
such as ammonia, a thiocther compound or a thione com- 
pound. During the course of physical ripening and chemical 
ripening, may be addenda a salt of a metal such as ^inc, lead, 
thallium^ iridium or rhodium. 

Id the invention, silver halide grains arc preferably chemi- 
cal-sensitized virith a sclcnium-sensiiizer. The selenium sen- 
sitizers used for chemical sensitization of the invention 
itjcludc a broad kinds of selenium compounds, as disclosed 
in US, Pat No8. 1 J74,944, 1,602,592 and 1,623,499, and 
JP-A 60-150046/1985, 4-25832/1992, 4-109240/1992 and 
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added by dissolving in an organic solvent such as water 
methanol, ethanol or cthylacctaic or in a mixture thereof or 
premi^^jng with an aqueous gelatin solution; or added 'by 
dispersing in the fbrm of an emulsion of a mixed soludon 
with organic solvent-soluble polymer as disclosed in JP-A 
4-140739. 

the temperature of chemical ripening by using a selenium 
sensiUxcr is preferably within a range of 40° to 90° C more 
preferably 45*' to 80* C. The pH and pAg arc preferably 4 
to 9 aitd 6 to 9.5, respectively. 

In the chemical sensitization of the invention, the sele- 
nium sensitization may be combined with sulfur sensitiza- 
tion, tellurium scnsitizaiion, reduction scnsitizadon or noble 
metal sensitization. 

As a sulfur sensitizer, is usable those as disclosed in U S 
^at. Nos. 1,574,944, 2,410.689, 2,278,947, 2,728,668! 
3,501,313 and 3»6S6.955, West Qennan Patent Application 
(OLS) NoJ,422.869, and JP.A 56-24937 and 55-45016. 
Examples thereof include thiourea derivatives such as 13- 
diphcnylthiourea, tricthyhhiourca and J -olhyl-3-(2thiaz- 
olyl)thiotirca; rhodaninc derivatives; didiiacarbamic acids, 
oi:ganic polysulfide compounds and elemental sulfbr, which 
is preferably rhombic a-sulfur. 

The Iclltirium sensitization and a sensitizing method 
thereof arc disclosed in U.S. Pau Nos. 1 ,623/^99, 3 J20 059 
3,655,394; British Patent Nos! 
235,211, 1,121,496, 1,295,462 and 136.696; Canadian 
Patent No. 800,696: JP^A 204640 and 4-333043. Examples 
of useful tellurium sensiUstcr include tclhiroufcas (e.g., N,N- 
dimethyltcllurourea, tctramethyUelltirounia. n^aiboxy- 
ethy)-NJV'"dimcthyltellurourea and NjNP-dimcthyl-N'-phc- 
nyltelluTDcrrca). phosphitw tcUurides (cg^ tributylphosphinc 
lellundc, tricyclohexylphosphine tcllaride, biisoptxjpy- 
IphospWnc tcllufide, buiylisopropylphosphiDe tclluride and 
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colloidal sBlcnium, isoselenocyanatcs Ce.g., aljyl isosdeno- 
cyanatc), selcnourcas (e.g., NJJ.dlmclhylselenourea and 
N,N,N'.tncthyIsetenourca, NJ^,N'-trimcthyI-N'-heptafluo- 
rosclcnourca, NJ4,N*-irimcthyl-N'-heptafluoropropylcaibo- 
nybclcnonrca and NJ^,N'-tri methyl -N'-4.nitrophcnylcarbo- 
nylselenourea), sclcnoketones (e,g», sclenoacotone and 
sclenoacctophenone), sdcnoamidcs (e.g., selenoacctoamide 
andN,N-dimcthyl3elenobcnzamidc). sclcnocarboxylic adds 
and selcnocsters (e.g., l-sclcoopropionic add and mctbyl- 
3-sclenobutylate), sclcnophophates (e.g., tri-p-triseleno- 
phosphate) and selenides (dieihylsdenide, dieihyldisclcnidc 
and triphcnylphosphlnsclcnide). Particularly preferable sen- 
sitizers arc 3dcnourea,selBnoQrnJdc and selenolcetoncs. 
Examples of using techniques of these selenium sensitizers 
are disdosed in the following patent spedficationa; U.S. PaL en 
Nos. 1,574^44,. 1,602^92, 1,623,499, 3,297v446, 3.297, 
447, 3.320,069. 3,408,196, 3,408,197. 3,442,653, 3,420, 670 
and 3,591.385; French Patem Nos. 2693038 and 2093209; 
Japanese Patent Nos 52-34491. 52-34492, 53-295 and 
57-22090; JP-A 59-180536, 59*185330. 59-181337, 
59-181338, 59-192241, 60-150046. 60-151637, 61-246738, 

3- 422U-24537, 3-111838, 3-116132, 3-148648, 3-237450, 

4- 16838, 4-25832, 4*32831. 4-96059. 4-109240, 4-740738, 
4-140739, 4-147250, 4-149437. 4-1S433I, 4^190225, 
4-1 9 J 729 and 4-195035; British Patent Nos 255846 and 
861984; and also in a reference of H. Spencer et al„ 
Journal of Photographic Science Vol, 31. pages 15S-169 
(1983). 

The using amount of the sdenium sensilizcr, depending 
on a sclcniem compound, silver halldc grains and the 
conditions of chemical ripening, is in general 10"® to 10^ 
mol per mol of silver halide. The sdenium sensitizer may be 
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lurolcetones; icUunjcsters; and isotellurocyanatcs, Tfech- 
niques of using the tdlurium sensitizer ore similar to those 
of Che selenium sensitizer. 

In the invention, a combined use of reduction senaiti7^- 
tion is preferable. Jt is prcfbrable to apply the i^uction 
sensitization dutitig the course of forming silver halide 
grains. The reduction sensitization is applied not only with 
growing silver halide grains but also at the state of inter- 
rupting the grain growth, ihercaftor, reduction-sensitized 
grains are further grown. 

Gold sensitizers used in the invention include chloroauric 
add, gold ihiosufatc, gold thiocyanate and gold complexes 
of thioureas, rtiodaninca and other compounds. 

The using amount of a selenium sensitizer, sulfur sensi- 
tizer, tdlurium sensitizer, reduction sensitizer and gold 
sensitizer depending on the kind of silver halide and the 
sensitizer, and the ripcnmg condition, preferably within a 
range of.lxlO^ to lxlOr»mo] permoJ of silver halide, mom 
preferably IxlO-* to 1x10^ mol. 

In the invcntrot), the sdenium sensitizer, sulfur sensitizer, 
tdlurium sensitizer, reduction sensitizer or gold scnsidzcr 
may be added in the form of a solution by dissolving in 
water, an alcohol or another inorganic or orgoDdQ solvent; or 
in the form of a dispersion by dispersing in a water- 
immiscible solvent a medium such as gdatiii. 

A sensitizing dye can be optionally used iti the invention. 
Preferably, for example, aro usable cyaninc dyes such as 
exemplified compounds of S-11 through S-124 represented 
by formulas (I) to (in) as disclosed in JP^A 1-100533. 

The sensitizing dyes may be added in combination 
thereof, wherein two or more dyes may be added mixcdly at 
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the same time or fieparBtcly at different times. The addition 
amount thereof is J to 1 000 itig per mo) of 5il vex, preferably 
5 10 5fK» nig. Furthermore, it is preferable to add poassium 
iodide prior to the addition the ficneitiTdng dye. 

The sensitizing dye of the invention may be added during 
tbc period of forming silver halidc grains or at any time after 
grain-forming and before coating, h ia preferable to add the 
dye prior » the completion of desalting. 

At the time when adding the dye, the pH of a reaaion 
solution (conventionally, in a reaction ve8seD is preferably 
within a range of 4 to 10, more preferably 6 to 9. The pAg 
of the reaction solution is preferably within a range of 5 to 
11. 

The sensitizing dye of the invention may be dispersed 
directiy in an emulsion. The dye h also dissolved in an 
optimal solvent methanol, ethanol, methyl ceHosolvc, 
acetone, water* pyridine or a mixture thereof to be added In 
the form of a solution. Ultraonic may be employed for 
dissolution thereof. The dye may be added in the form of 
solid panicles dispersed by use of a high-speed impeller. 

An inoi^ganic fine parttcle^t haWng a particle size of 1 to 
300 nm of the invention is an oxide compound comprising, 
as main componcnu silicon^ aluminium, titanium, indium, 
yttrium, tin, antimony, zinc, nickel, copper, iron, cobalt, 
manganese, moiybdemim, niobium, zirconium, vanadium, 
' alkali metal or alkali earth metal. Among diese, from the 
viewpoint of transparency and hardness* is preferable silicon 
oxide (colloidal silica), aluminum oxide, antimony oxide, 
titanium oxide, zinc oxide> zirconium oxide, tin oxide, 
vanadium oxide or yttrium oxide. These inorganic oxide 
particles may be surface-treated with alumina, yttrium or 
cerium so as to enhance dispersion stability in water when 
dispersed in water to form a sol. Examples of tbc inorganic 
flne particles are cited as below. 

A-1 C!oUoidal silica partially modified by alumina (Aq. 30 
wL % solution, Hv* parti cic sissc of 14 nra) 

A-2 Yttrium dioxide sol (Aq. IS wL % solution, av. particle 
size of 4 nm) 

A-3 Antimony pemaoxidc sol (Aq. 30 wt % solution, av. 

particle siae of 50 nm) 
A-4 Alumina sol CAq. 30 wL % solution, av. particle size of 

14 om) 

A-5 Hianium dioxide sol (Aq. 1 0 wt. % solution, av. particle 
size of 14 nm) 

A-6 Zinc oxide sol (Aq. 10 wC % solutioDf av/ particle size 
of 30 nm) 

A-7 Ziioonium oxide sol (Aq. 10 wi. % solution, av. particle 

size of 300 nm) 
A-8 Hn dioxide sol (Aq. 30 wt. % solution, av. particle size 

of 14nm) 

A-9 Vanadhim pcntaoxide sol (Aq. 10 wt. % solution, av. 

particle size of 30 nm) 
A-10 Colloidal silica partially modified by cerium (Aq. 30 

wt % scrfution, flv, particle size of 20 nra) 
A-U Alumina sol parrially modified by yttrium (Aq. 10 wt. 

% solution, av. particle size of 30 nm) 

The oxido particles preferably be shelled with gelatin 
previously croas-linked so as to increase miscibility witli 
gelatin. 

Tbe inorganic fine particles shelled with gelatin are die 
particles covered with a gelatin shell hardened with a 
cross-linking agenL Each of the particles may be covered 
with gelatin cross-linked or a plurality of die particles are 
gathered with each other in a form of alloy, which may be 
coveted with the gelatin shell. The gelatin shell may have a 
thickness of 1 lo 500 nm. The surface of the particles iruiy 
be treated with a silane-coupling agent, alumiijate com- 
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pound or titanium compound to modify the miscibility 
thereof witii gelatin, as di.^03Cd JP-A 4-257849 and 
6-95300 and then the shelling may be applied. 

As the crosii-Hnking agent, arc cited hardening agents 
conventionally used for hardening gelatin. Among tiicm, an 
aldehyde* triazioe compound, vinyl sulfon compound and 
carboxy-activaUng type hardener are preferably used. 

The gelatin- used includes an alkali-processed gelatin, 
acid-processed gelatin and phthalated gelatin. From th vicw- 
poim of dispersion stability, the gelatin contaitts preferably 
calsiimi ions in an amount of 0 to 40DO ppm. 

The particles cover with a gelatin shcU are prepared in the 
following manner. After mixing a gelatin aqueous solution 
and an aqueous dispersion of inorganic fine particles* to the 
mixture was gradually added a crosa-linking agent for 
gelatin with stirring with a high speed stirrer having suflS- 
cicnt shearing force such as a homomixcr or impeller at a 
temperature of 30° to 80* C Dispersing was allowed to 
continue for I to 72 hour^ at the temperature to obtain the 
galatin-shcllcd particles. For the purpose of prohibiting 
coagulation during the dispersion, to the dispersing solution 
waa added optimally a polyphosphate salt such as sodium 
pyrrophosphaie, sodium hexametaphosphatc or sodium tri- 
polyphosphate; polyhydric alcohol such as sorbitol, trim- 
ethylol-propanc, trimetiiylol-ethanc or trimcthylo-mcthane; 
or nonionic polymer such as alkyl ester of polyethylene 
glycol. 

Synthesis of the gelatin-shelled particles is exemplified as 
below. 

Syntiicds Example- 1 (MA-1) 

Alkali -processed gelatin of 260 g was dissolved in water 
of 8750 ml. While being maintained at 40* C, was added 
thereto 1000 g of colloidal silica partially modified by 
alumina (30 wt % aqueous solution; average size, 14 nm). 
lb die resulting solution with stiring at a high speed with a 
homomixcr was added 220 ml of 3.7% formalin solution 
over one minute and then stirring was allowed to continue 
further over a period of five hours. Tho resulting dispctaion 
was filtered through a filter having a pore of 3 (ira in 
diameter to remove coagulants. 
Synthesis Bxample-2 (MA-2) 

A dispersion was prepared in the same matmer as in the 
above described synthesl.'; example- 1, provided that to 1000 
g of colloidal silica partially modified by alumina (30 wL % 
aqueous solution; average size, 14 run) to wWeh was the 
same as in the example- 1, was added 3.0 g of 3-glycidcox- 
ypropyl-trimcthoxysilane with stirring at 50° C. for one hour 
was used and and stirring was done at 50° C. for 1 0 hours. 
Synthesis Example-3 (MA-3) 

A dispersion waa prepared in the same manner as in the 
cxample-2, provided thai the foHowing titanium compound 
(TT) was used in place of silane coupling ^gcnt 
Syntiiesis £xamplc-4 (MA-4) 

A dispersion was prepared in the same manner as in the 
example- 1 , provided that the following compound (RH) was 
used as a hardener. 
Synthesis Bxamplc-5 (MA-5) 

A dispersion was prepared in the same manner as in the 
example- 1, provided that acid-processed gelatin (TO was 
used as a gelatin. 
Synthesis Example-6 (MA-6) 

A dispersion was prepared in the same marmer as in the 
exfln>ple-l, provided tlMit as inorganic particles was used 
antimony pentoxide (average size, 24 nm), 
Synthesis Ejcample-7 (MA-7) 

A dispersion waa prepared in the same marmer as in the 
oxampIe-2, provided that as inorganic particles was used 
antimony pentoxide (average size, 24 nm). 
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The using ftntount of the inorganic hnc particles of the 
invention is 0.05 to l.O g m c3ry weight ratio ib gelatin used 
in a layer to be added, preferably. 0.1 to 0-7» The inorganic 
fine paiiielcs as above-described may be in combination. 

Besides the organic aggregating particles of the invention, 
parUcJcs of polymcthyl methacrylatc, oqjolymer of methyl 
mcthacrylatc and mcthacrylic acid, an organic compound 
Such as starch or an inorganic compound such as sUjCft, W 
titanium dioxide, strontium sulfttc or barrium sulfate may 
be used simultaneously as a matting agent, as disclosed U.S. 
Pat. No9. 2,992J0], 2,701.245, 4,142^94 and 4,396,706. 
The particle size thereof is 0.6 to 10 pm, preferaljly, 1 to 5 
pm* 

A silicone compound as disclosed in U.S. Pat. Nos, 
3,489,576 and 4.047,958, colloidal silica as disclosed In 
Japanese Patent examined No. 56-23139, parafln wax, 
higher fStttty acid esters and starch dcrivaiivea may be 
incorporated, as a sliding agent, in the surface layer of the 
inventive photographic clement. 

A polyol such as trimethylolprupanct pcntanediol, butane- 
diol, etliylcnc glycol or gjyoerin may be incorporated, as a 
plasUcizcr, in a component layer of the inventive photo- 
graphic elcmcnL 

For the purpose of improvcmcnl in pressure resistance, 
polymer latex may be incorporated in a component layer of 
the invendve photographic clement. Pneferablc examples of 
polymer iiicludc homopolymer of alkylacrylatc, copolymer 
thereof with acrylic acid or styrone, siyrcne-butadicnc 
copolymer, a polymer comprising a monomer having an 
active methylene group, water- solubiliting group or a group 
capable of being cross-linked with gelatin or copolymer 
thereof. More preferable is a copolymer of, as main oom- 
ponem, alkyl ncrylaic or styrcne with a monomer having « 
waicr-solubfliaing group or a group capable of being cross- 
linked with gelatin to improve in miselbility with gelatin as 
a binder. Examples of a monomer having watersolubilizing 
group include acrylic acid, melhacrylic acid, 2-acrylamldc- 
2-methylpropane sulfonic acid and stynenc sulfonic arid, so 
Examples of a monomer having a group capable of being 
cross-lined with gelatin include glycidyl acrylatc, glyddyl 
mcthacrylmc and N-mcihylolacrylamide. 

In UlC case when the inventive photographic element is 
employed as a both-sfded X-ray photographic material for 55 
medical use, U is preferable lo provide a crossover-sWclding 
layer for the purpose of impravemcnl in image sharpness. In 
the crossover-shielding layer, may be contained a dye in the 
form of a soUd particle dispersion to absorb crossover light. 
Such a dye, if having such a structure as being soluble at a 
pH of 9 or more (alkali-soluble) and insoluble at a pf T of 7 
or less, is not specifically limited. Rom the decoloring at the 
time of developing, is {»eferable a compound of formula (J) 
as disclosed in JP-A 6-308670. 

Pn;fbrablc developing agent for developing a photo- 
graphic light sensitive material of the invention include 



25 
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40 
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JP-A 15641 and 4-16841, paraaminophenols such as p-ami- 
nophcool* N-mctliyl-p-aminophenol and 2,4-diaminophcttol 
and 3.pyrazo1idoncs such as Kphcny-3-pyr?ixoIidone5 
including 1 -phenyl -3-pyrazotidone, l-phcnyl-4-mcthyl-4- 
hydroxymeihyl-3-pyrazoHdanc and 5,S.dimethyl-)-phenyl- 
S-pyrazoHdone. Preferably, these compounds be used in 
combination thereof. 

The amount to be used of the above paraaminophcnol or 
3-aminopynizoUdonc is preferably 0.004 moWiter or more, 
more preferably 0.04 to 0J2 mol/liter. 

The total amount of dihydroxybenzcnes, paraaminophe- 
nols and 3.pyrazolidones is preferably OJ mol/liter or less. 

As a preserving agent, may be incorporated a sulfite Rueh 
as sodium sulfite or a reduclone such as piperidinohexose 
rcductone. The addition amount Ihcreof is prcFcrably 0.2 to 
1 moVlitcr, more preferably. 0.3 to 0.6 mol/liter. h is 
preferable to odd a IaT;gc amount of ascorbic acid so as to 
improve processing stability. 

As a pH-adjusting agent, may be incorporated an alkali 
agent such as sodium hydroxide, potassium hydxtixidc, 
sodium carbonate, potassium carbonate, sodium phospliate 
or sodium phosphate. 

As a pH-buffering agent, may be used borate as described 
in JP-A 61-28708, saccharose as described in JP-A 
60-93439, acetooxime, 5-sulf6salicyKc acid, phosphate and 
carbonate. These compounds arc contained in such an 
amount as to maintain a pH of a developer within a rangre 
of 9.0 to 13, prcierably, 10 to 12,5, 

Tliere may be incorporated a dissolving aid such as 
polyethylene glycols and an ester thereof, a scnsiUzer such 
as quaternary ammonium salt, a dcvclopment-accclciaiing 
agent and a surface active agent 

As an antisilvcr-slugging agent, n^ay be incorporated an 
antisilve^stain agent as digcloscd in JP-A 56-106244, sul- 
fide and disulfide as disclosed in JP-A 3-51844> cystdn 
derivatives as disclosed in JP-A. 5-2S9255 and a triaiine 
compound. 

As an organic restrainer, are usable an azole type anti- 
foggants including indazolcs, imidazoles, bcnzimidaTOlcs, 
triazolcs, benztriazolcs tetrazoles and thiazoles. As an inor- 
ganic rcstrainer, are included sodium bromide, potassium 
bromide and potassium iodide. In addition, arc usable com- 
pounds as described in L; F. A. Mason, "Photographic 
processing Chemistry", Focal Press (1966), pages 226-229, 
U.S. Pat. Nos. 2,193,015 and2,592.364 and JP-A 48^933. 

Ag a chelating agem used for masking a caldum ion 
contaminated in tab- water used in a processing solution, is 
cited an organic chelating agent having a chelating stability 
constant with iron of 8 or nwrc, as disclosed in JP.A 
1-193853. As an inoiganfc chelating agent are cited sodium 
hexametaphosphatc, calcium hcxametapbosphate and a 
polyphosphate salt. 

As a developer hardener, are usable dialdehytfc com- 
pounds. Among these compounds, is preferably used glutar 
aldehyde. 

In the invention, replenishment, which corresponds to 
processing exhaustion and oxidative exhaustion is con- 
ducwd at a rate of 35 to 98 ml per m^ of photographic 
element A rcptenishing method may be the replenishment 
depending on the width of a phoioeraphic material and 
transporting speed thereof as disclosed in JP^A 55-126243; 
area-monitoring replenishment as disclosed in JP-A 
60-104946 and area-monitoring replenishment conirolled by 
the number of nmning-processcd films as disclosed in JP-A 
1-149256, 

A preferable fixer may contain fixing materials convcn- 



dlhyd«.ybe„«„« svch as hydroquinon. as disclosed in tio^fy^Vt^. ^''-^"^^t^^^ 
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PTCferatoly 4.2 to 5.5. Examples of feeing agents incJnde 
tWosuJfatos such m ammonium thiosulfate and sodium 
wjosulfate and anunonium thiosulfaic h preferable from the — - 
viewpoint of the fixing Speed. A concentration of ammonium 
thiosulfale {s preferably 0.1 to 5 molAiter, more preferably , 77" 
0.8 to 3 mol/litET. ' ^ Ai 

In the inventioHp there may be used an acid harteninc 
fixer, in which an aluminium ion is p ro f ciably used as a 
hardEncf. For example, It is preferable to add in the of 
fllominium sulfate, aluminium chloride and potassium alum 

In addition, the: fixer may optionally contain a preserver '° r\ 
such as a sulfite or bisulfite; pH-bu£Fcriiie agent such as 
acetic add or boric acid; pH-adjwsting agent including 
various acids such as ntineraJ acid (sulfuric add and nitric 
add), organic acid (dtric add. oxalic acid and tnaleic add) 
and chloric acid^ and metal hydroxide (potassium hydroxide 
and sodium hydroxide); and chelating agent having capa- 
bthty of softening hard water. • 

As a flxing-aecderatoT is died a thiourea derivative as 
dkcloscd in Japanese Patent examined 45-35754. 
59-122535 and 58-122536 orathioethcrasdisdoscd in U S 20 
Pat. No. 4,126.459. 

It is preferable that a silver halide emulsion layer of the 
invention has a swelUng-in- water raUo at processing of 150 
to 250% and a swelled layer thickness is 70 pm or less, 



10 

Example 1 



PMpnrntion of a acctl gmin Dmulsiun 



Ounlfl gclorin 
Whlcr 

Sodlura polypnipyl^ncoxy-polycthlcffls- 
oxy^Ccinatc (10% ethfinol solution) 

10% idtric ccld 

ISK Slitter iritmia ntjucous .totedoo 
Potassium brmnidc 

1,75N PouiBsinm bromide aqueovte solution 
An amount nccwwry far control silver poicntia] 



t4JZ g 
9657 ml 
G.7B ml 

10-Bk 
114 ml 
2823 ml 
824 g 
g 

2825 ml 



lb Solution Al at 35° C. with stirring by a mixer as 
described m Japanese Patent cxainincd Nos. 58-58288 and 
58*58289, were added 464,3 ml each of Solutions Bl and CI 
by a double jet method over a period of 1.5 min. to form 
nudeus grains. After interrupting the addib'on of Solutions 
B 1 and CI, the temperature of Solution A 1 was raised to 60° 
C. by caking 60 min. and the pH dicrcof was adjusted to 5,0 

WT,«« ♦u . — 'T" ^^'^ solution. Thereafter, Solutions of Bl and CI 

Wien the swdlitig tado exceeds 250%, drying defects 25 were added by a double jet method at a rate of 55 4 ml/min 
occur,, causme a trackinif nmWftm in sninmonV nfY^»»n,«. «M w aiTOUl jj.-* nu/min. 



30 



occur,, causing a trackittg problem in automatic processor 
processing, particularly when rapid-proccased. When die 
swelling ratio is less than 150%, deveJoping unevemiess and 
residual color are liable to be caused. The tDrm, "swdlling- 
m-walcr ratio" is defined as being a difference of layer 
thickness between after and before swdling, divided by a 
layer thickness before selling atid multiplied by 100. 

The photographic clement of the invention displays excel- 
lent performance in rapid proce^ising within a total process- 
ing time of 10 to 30 seconds with an automatic proccssoc In 
the rapid processing of the invention, the tEmperatutc aod 3S 
time of processing steps such as developing and fixing arc 
txjspeclively 25"* to 50* C. and 15 sec. or less for each atcp, 
and preferably 30° to 40* Q and 2 to 10 sec. In the invention, 
the photographic material is developed and fixed, followed 



over a period of 42 min. Silver potentia]* over the petiod of 
time of raising a temperature from 35" to 60** C and of the 
double jci-addition of Solutions of Bl and CI were Con- 
trolJed 80 as to be maintained at 8 and 16 mv, respectively, 
using Solution Dl. The silver potential was measured using 
a silver ion-selccting dcctrode with a saturated silver-silver 
chloride cJectrodft as a reference dectrode. 

After completinfi'addition, the pH thereof was adjusted to 
6 witij 3% KOH soluUon and the emulsion was sutrjccted to 
dcsaltittg-washing. It was proved by electron microscopic 
observation that the resulting seed grain emulsion was 
comprised hexagonal tabular grains having a maximum 
adjacent edge ratio of 1.0 to 2.0 and accounting for 90% or 
more of die projected area of total silver halide grains 



t-,a«uj^ r .1. • . ^.s^^y^^^ „*^M, iwiwwcu ui t,ivjw.L«i UTOH or toiai suver naiide grains 

□y wasn ng. In the mvcntion, washing by cmintcsr current aq contained in die emulsion, the hcxaEonal tabular crrains 

flow With 2 fW 5i «rnW>S In ntWrlUr-tii^ tn caw urnf-- U»,«. UA.«tM^ ^ n ^ a^T^ * 



. ' ' — M»w»»**»^ ^oAita 

having an average thidsness of 0.06 iiim and an average 
diameter (clrde equivalent diameter) of 0.59 pm. Coeffi* 
cients of variation of the thickness and distance between 
twin planes were 40 and 429&, respectively. 

Preparation of Emulsion Em-1 

Using the above-described Seed emulsion and the follow- 
ing four kinds of solutions, dicrc was prepared an emulsion 



flow with 2 or 3 stages Is conducted to save water. When 
washing with a wnall amount of water, it Is preferable to 
install a washing bath provided with a squeegee roller. The 
washing temperature and time are preferably 5° to 50* C. 
and 2 to 10 sec., respectivdy. rts 

The photographic material of the invention is developed, 
fixed, vrashcd and then dried via a squeegee roller. The 
photographic material is dried by the way of heat-air con- 

h^''Swi'§;Si^^ ^1? ' fer-infrared heater or ..^ ^, „ere was prepared an emu 

rrri^e^V^ c^tainingtabulargrainshavingacoastructu^^ 
tively. The total processing time in the invention refers to the 
time through which the photographic material is inscrt«l 10 
the inict of a processor* and thereafter it passes dirough a 
developing bath, a cross-over section, a fixing bath, a 55 
cross-over section, washing bath, a cross-over section and a 
drying zone until the top of the photographic material 
reaches drying section outlet. In the silver halide photo- 
graphic material of the invcntiori, It is possible to reduce the 
amount of gelatin used as a bander in an cmtilsion layer and 60 
protective layer without deteriorating pressure resistance so 
that rapid processing can be completed within a total pro- 
cessing time of 10 to 30 sec 

EXAMPLES 

Preferable embodiments of the present invention will be 
explained as below. 



65 



A2 



B2 



C2 

m 



E2 



SocKum polypropy2cnBoxy>polyctby]cnc- 
oxydlsoediuufr ^0% ctliesol totiztion) 
Seed cimilxJon 

Water to maka 
Ossein gelatin 
Poid^ucn brorntdfl 
PotBSBium iodide 
Water to nulce 

Woicr ro tnake 
OsBCln galfidn 
PDtaioium bromide 
Witcr to make 
Sihrar oittmfe 
Witur to malre 



11.7 e 
1.4 Xfii 

0.1 sifi] 

550 ml 
5.9 g 
6.2 B 
0.8 g 
145 ml 
I0,i g 
145 ml 
fi-l jt 
94g 

m ml 
137 e 

304 ml 
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Tb Soluiion M at 67° C. with vigorously siinitig, were 
added Solutions of B2 and C2 by a double jet method over 
a period of 58 rrrin. and then. Solutions of D2 and E2 were 
added by a double jcc method over a period of 48 min.. while 
Tnamiained ai a pH aod pAg of 5.8 and 8.7, respectively, 5 

After completing addition, the emulsion was subjected to 
dcsaiini^ation-washing. The resulting emulsion had respec- 
tively a pAg and pH of 8.5 and 5.85 at 40^ conlaimng 0.5 
mo] % iodide on the average. 

Qim ^^^"^ pr'oved by electron microscopic observation that lO 
8 m or niorG of the total projected area of silver halidc 
grams accounted for by tabular grains having acn avcrt^gc 
gram size of 0.96 |im, a grain size diatiibution width of 19% 
and an average aspect rabo of 4.5. The average of distances 
between twin planes (a) was 0-019 m and cocfficieni of t5 
variation of (a) was 28%. 



12 

-continued 



Preparation of Seed Grain Etnulsion-2 Seed 
Emulsion -1 Was Pt^epared in the Following 
Manner. 



Woicr lo mafcQ 
B5 Oarein gclfttin 

f'Dtresiun hromidc 

pola.t$ttin] iodide 

WbIct ]fy make 
CS OasclB getmin 

PotBsbtm bronrido 

Water to ihaJ^ 
W Silver nllrqtc 

Aquctms arnmonin sahirion (28%) 

Wntcr 10 maJcB 
E3 SHvcr mimtc 

Aqueous ammonia s^Hition <28%) 

Walcr (0 mjakc 
Fl ■ Poininnm tM^midc 

Waicr to VBH^ 
GJ Silver rftratc 

Aqueous ammonM sohilion (29%) 

Water to TOQJtc 



cqslvalcni 
600 ml 

o.ft e 

5 ft 

3 S 
110 ml 
2.0 B 

240 ml 

9^ B 
7.0 ml 
ttO ml 
130 s 
100 ml 
240 mt 

163 ml 
9.9 c 
7.0 ml 
no T0\ 



20 



A4 



&4 



C4 



E2 



Osselii ^cjtuiti 
Potassium btmaulc 
Water 10 make. 
Ossein golotin 
f^UiBshiRi bromide 
PotitSiium iodide 

0.2N Sulfuric acid 

Wajer to moke 

Oxscin gelatin 

PotaAsium bromide 

PolAs&ium lodlds 

Whtcr to m&kc 

Silvo- nitrate 

Wiier to msko 

Sitm- nitrate 

Whtcr to moJcc 



100 g 

11.5 1 

35 g 
G5 6 
I.B g 
^%.S ml 

3.6 I 
75 fi 

950 g 
27g 
3.0 I 
95 0 

2.7 I 

wio e 

35 1 
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reaction vessel containing Solution A4 maintained at 
oO' C, wem added Solutions B4 and C4 by a controlled 
double jet method over a period of 30 mia and then 
Solutions C4 and E2 were added by a controlled double jet ^ 
method oyer a period of 105 min. The addition was cajiied 
out at a stirring of 500 fpm and at a Sow rate that produced 
no new dear and did not cause Ostwald ripening to widen 
a grain^aize distribution, The pAg at the tinntc of adding silver 
ion and halide ion solution was adjusted to 8.3±a05 by use ^3 
of a potassium bromide solution and the pH was adjusted to 
2.0±0.1 by sulfuric acid. 

After compledng addition, the emulsion was adjusted to 
a pH of 6.0 and subjected to washing to remove excessive 
salts according to the procedure as described in Japanese « 
Patent examined 35- 1 6086. 

It was rtvealcd by electron microscopjc observation that 
the resulting seed emulsion was comprised of cube-shaped 
and sKghUy chipped tetrBdecahe<ifal grains having an aver- 
age g^n site of 0.27 ^im and a grain size distribution width 55 
(coefficient of varialfon of grain size) of 1 7«i. 



Solution A5 was maintained at 40* C, with stirring at 800 
rpm with a stirrer. The solution was adju&ted to a pH of 9.90 
by. acetic acid and was added thereto Seed cmul5ion-2 to 
form a suspension, and then Solution Cl was addad at a 
constant rate over a period of 7 oiin. to make a p Ag of 7 3 
Fbilher, SolvUons B5 and D4 were simultaneously added 

^If .!Lr"^f 5 ^^J^}'^^ ^ PAg thereof wei^ 

adjusted lo 8.g3 and 9.0 over a period of 10 min. with 
potassium bromide aqueous solution and acetic acid; then, 
Solutions C5 and E3 were further added simulianeousi v over 
a period of 30 min. 

The ratio of a flow rate at start to that at finish was 1:10 
and the flow rate was increased with time. The pH was 
lowered from 8.83 to 8.00 in proportion to the flow rate ratio 
Whtai two thirds of Solutions C5 and E3 was added. 
Solution Fl was furUicr added at a constant rate over a 
period of 8 min., wherein the pAg was increased fitjm 9.0 to 
11.0 and tiie pH was adjusted to 6,0l 

Next, in a similar manner to emulsion a monodis- 
pcTBCd core/shell type grain emulsion was prepared, com- 
prising slightly-rounded tctradecahedral grains having an 
average size of 0.40 \m, an average iodide content of 2 mol 
%, grajn size distribution width of 14% and an avcraee 
aspect ratio of 1.2. 

Thus prepared emulsions (EmO and Bm-2) were heated 
to 60* C, and thereto was added a given amount of spectral 
acnsitixing dyes aa bdow, in the form of a solid particle 
dispersion. Thereafter, was further added a mixmrc solution 
of adenine, ammonium ihiocyanale, chloroauric add and 
sodium thiosulfatc and triphcnylphophin sclcnide in the 
form of a solid particle dispersion. After 60 min., silver 
iodide fine grains were added and ripening was conducted 
over a period of 2 hr. in total. 

When having completed the ripening, was added a given 
amount of 4-hydroxy-6-mcthyl-l,33a, 7-tctrazaindcnc 
(TAI) as a stabilizer. 



Prcpamtion of Emulsion Hm-2 

Using the above-described seed emulsion and the follow- 
mg seven kinds of solutions, was prepared a monodisperscd 
core/shcll type grain emulsion. 



60 



A5 Ossein gcloifn 

Aqueous ammonia solution 



10 g 
2S ml 
3 ml 
0.119 mol 



Spectral sensitizing dye (A) 
Spectral scnsltiuns <^fi (B) 
Adenine 

PoCijESitnti thiocyamuo 

auofomiric acid 

Sodimn ihiWilfntc amount as shown in tAbIc 1 
TVipbcuylplMwpWrte jclciude* amount ns iiluwD In Tbblo 1 
Silver iodide fine grain* 
TAI 



65 



120 mg 
2.0 tng 
15 mg 
95 mg 
2J mfi 



230 mg 
50 lug 



SoUd particle dispersions of spectral sensitizing dyes and 
triphcnylphosphinc sclemdc were each prepared according 
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to Jhc method as disclosed in JP- A 5-297496. Thus, a given 
atnount of the dyca was added water at 27° C. followed by 
stirring at 500 Tptn with a high-speed stirrer (Disoivcr) over 
a period of 30 to J20 tnin. 
Spectral Senflilizing dye (A): 

5^'-dichloro-9<tbyl-33*^ii-(8UlftjprDpy))-oxacaibocya- 
niiie sodium salt anhydride 
Spectral Scnsiti/Jng Dye (B); 

5,5^di-(butoxycarbonyl)-U'-diethy|-3,3'-di-(4-sul. 
fobuihyl) bctizoimidazolocarbocyanlnc sodium &alt 
anhydride 

Photographic material sampler were picpatied by simul- 
taneously muIdJayer-coflting ihe foUowing coating solutions 
on both aide of subbed blue-colored polyethylene icreph- 
thalatc support having a Ihickncss of ]75 |mi in the order of 
a crossover light-cutting layer* cmuUion layer and protective 
layer. 

Preparation of Sample 



10 



15 



20 



1st ln>c!r (cm«ovcr Ughi ctntiag layer) 



Dye CAH) in tho fton of el soUd pprtiete dispcreion 
Gebtin 

Sodiom dodecylbcittciiojutfiwittto 
Compound (I) 

Sodfum 2»4.di'chloro-6-by((rtixy' l,3»5-tria3rif>e 
Colloidal BfUcn (ovcrago iirA: 0.014 pm) 
Lstex CL) 

Potawfum pDlysiylciicsulfofl(tto 



50 ragAn* 

0.2 ^» 
5 rt^m' 
5 tng/srF 
5 mg/br* 

10 tttgAn^ 
0.2 grtD* 

50 atB/nr* 



2nd layer (emulsion layer) 

T^> each of emulsions above-described were added the 
foUowing additives. 



23 



30 



potflftsimn tolmchloTOpamdium til) 
Coiii|K>&nd (G) 

2^6-Bij(hydrtttyiimlnnWl.<«&Thytiimfnn. 
ufiuthytcfitecol 

Polyviaylpyirolldonc (M.W.: J 0.000) 
Stynmcxnalcle (tdd copolymer 
Polyatyreticsutrotttc treidy sodium mU 

CM.W.: eooooo) 

THmcthytdlpropBnG 
Dietl^lcnc ^fycQl 

Nithjphcnyl-triphcnylpbo^ilwnlum chloride 
Ammonhmi M-dIhydroxybeiBenc-4-.tulFonfttc 
Sodium Z-mercnptobctuifmtdazolQ-S-sallbRflifi 
Campoond (H) 

n-CHpOmaCHCOiqCHjNCCWiCOOH):. 
Compoprtd (M) 
Compound (N) 

InvcniiTC laoreaidc Onci gmini) (Jtiblc 1) 

Dextrin (M.V/.: lOOO) 
SoibUol 



100 rn$/m^ 

5 mjt/irtt* 

130 mgta^ 
35 mrt/m* 
80 mjjAn* 
SO mg/m' 

350 m(»An* 
50 m^fn^ 
20 Itt^m* 

300 m^m^ 
5 m(t/m* 

0^ ojgAii' 

5 nigAn' 
5 m^/ir^ 
0.5 

0>J mg/m^ 
0.2 g/nr^ 
0.1 g/nv* 



35 



40 



45 



50 
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FonTuUd^hydc 

SotKiim 2,4Klichloro-6-feydroxy-l,3^-tTiajJnc 
Bis-vlnyl$uI{«T)yIincUiyIclb«r . 
PolyEcrylfltnide (M.W.: JOXlOO) 
PolysiloxanD (SI) 

Cfimpmmd (|) 

Cauqxnind 0) 
CbR3|10URd (S-l) 
Compound (O) 
CoTnpdnSd (5-2) 
Compoufid 
Compound ({=-2) 
Compimnd (F^3) 
COfflpomid (P) 



20 mgrtn* 
10 mi^m* 
3fl ni;t/iii* 
0.1 g/m^ 

12 uigftn^ 

2 mfi/m* 
7 mg/m* 

50 mjit/lm* 
5 rnpAu^ 

3 mg/ht^ 
2 itlgAn' 
1 mgftn* 

100 ffl^ftn* 



The coating amount of the additives as shown above is the 
amount per otic side of d)e Support, and coating weight of 
silver is adjusted so as to be 1.0 g per one side of the support. 

NaQ3S-CHCOO(CHa)iCH(CH3>2 



CH2C00(CHa)paii 
NaQ3S-CHCOOCHj(C2F4jaH 
CH2COOCH2CC2F4)3H 



CompoTind (S-J) 
Cbrapound (S-2) 
LfltextU 



-f-CHj-CH-)3n- -t-Ctfe-C-^ CHaCHj 

COOCsHtsCi) COOC \hj 

CHaCHj'^ 

-tCHa-C-^ 

COOCHaCHa 
o 

CH3 CH> CHj 
CHj— SI— O— Si— O— Si— CHj n-^lOO 



ftHyaaaxmw (SI) 



I 

CH3 CHi CH? 

Pyc (AH) In the form of n toUd pBrddfl difipenlan 
CN 



0 



OizCHjtOCHs 



The amount of gelatin was adjusted, as shown in Tkble 1. 55 



3rd 



CHiCihQCH% 
Con^oand (C) 



tflycr (lower protocUve layer) 



C3el«in 

PolyftdyUo acia, wdltmi fioll (M.W.: 50.000) 
Counjnund (K) 

4<h layer (upper prottfcdvc Layer) 

Oclotin 
TAI 

Inveirrivo aggrcgBic particlea (Tablfl I) 
CoDcfdal silica (Av. size: a0X4 nm) 



0.2 ^* 
0.2 mg/m* 
30 jnfTttt* 
15 ing/ffl? 



ad 

70 tqg/m^ 
50 xHgAnf^ 
10 mcAn^ 



60 
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CbnqxHind (H> 



CHjSOr 
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5,556,738 



Compound (t) 



16 

Composilion of developer 



Pan A (ID mohB 12 i) 




5 Patfl£tj\)tn hydroxltk 

Potiiuium soliitc (50% soIuiloiO 

KMuuu Sodtam hydrogen eatbonBle 

5-McihylbcnzDtriaiole 
] -Phenyl .5-mCTC^)totcu'(KQlc 
10 HydroqirinoDC 
Wolcr to roAhi 
Cc>iiiptrafMl cm Pm-B (tfl m.i)tc 12 1> 



(□ mixtUFe of n = 2-5) 



CpFiflCHCMiCHiOJnH 
C«FnS02N(CHjCH2O)i3H 

CjHt 



)5 



20 



Gbcfo] ficcde Add 
THcthylcne Blye^t 
I -Phcpyl-S-pymToUdonc 

StHrtcr 

OlnciR] Beetle flcid 
Pniouium bromfde 
Waw to mate 
Composition of FIxof: 



Compound (O) 
Compotind <F-1) Part- A (to make JB 0 



N 



SH \ 



SH \ 



Cwnpound (F.2) AinmGnium thiosulfatc f70 wi.fvol %) 
SatKum tulQte 
25 Sodium aeewic tiihydride 
Sodium dtrote 
GhicanEc acid 

1 •CNj^difwihyJitntTiHi)-cthy|*5-incrcnrFtotc^ 
ParhB (to make 18 1^ 



Compound (J?~3) 
CoiDpound (M) 3Q Alunrfnum sulfiiic 



450 g 

132 s 
12 fi 
0.2 

5000 ml 



170 g 
185 s 

0.4 g 



IZO g 
225 6 
1.0 1 



600O g 
110 jt 

450 fl 
50b 
70 Q 
IB g 



m B 



CDUipound (N) 



35 



0 



Compound (P) 



COOH 

ff ^ 

0 Evaluation of Sensitivity 

Samples, afttsr aged at 23" C and 55% R.R for three 
(Jays, were each sandwiched with inteneifying sciccns fw 
X-ray pbotogmphy use, I<:O-250 (Product of Konica), 
exposed to X-ray Ihnjugh Penetrometer type B and pro- 
cessed with a developer jmd fixer having the following 
compoMtiona under the conditions as below using a roller- 
transport type automatic processor SRX^SOl (product of 
Konica). Swell ratio during processing of each sample was 
within a range of 180 to 220%. 

I*roccssfng .condition: 



40 



45 



SO 



55 



Temp. 



Time 



Dcvdopng 
Hxlflg 

Drying 



arc 

20'Q 

5rc 

(dry to dty> 



14.0 jcec:. 
9.7 see 
9.0 

2A ttt, 
^ sec. 

43.4 M*c 



60 



65 



lb propane the developer, Parts A and B were sin^vUa- 
neously added to 5 liters of water and with stiiring, was 
flmher added water to make. 12 liters in total, fallowed by 
adjusting a pH thereof to 1040 with acciic acid. The 
resulting solution was made a developer replenishing solu- 
tion, lb this replenishing solution was added the starter as 
above-described of 20 ml per l liter, fallowed by adjusdng 
a pH to 10.2(5 to make a woridng solution. 

lb about 5 liter of water wcr^ added simultaneously Part 
A and B with slitting atxi water was further added to make 
18 liter in toial, followed l»y adjusting a pH thereof to 4 0 
with sulfljTic add and sodium hydroxide. The resuUing 
solution was used as a ftxcr replenishing solution. 

Sensitivity was dclined as a relative value of reciprocal of 
exposure amount required for giving a density of fog +1.0, 
ia which the sensjtivity of sample I was set to 100 

2) Evahiation of Roller Mark 

The sample wag exposed overall in such an amount that 
gives a density of l.O, and processed in the manner as 
above-described. In the pfoces.sing were used 4 development 
transport rack and crossover rack between a developer bath 
and fixer bath which were fatigued. Transpon rollers of each 
rack had uneven surface having a peak to valley distance of 
about 10 \m caused by fatigue 

After processed, occurrence of fine spot-like uneven den- 
9ity caused by pressure due to the tmevcn surface was 
observed particularly in a sample deteriorated in pressure 
resistance. 

The level thereof was visuaDy evaluated based on the 
following criteria. 

5: No occuiiencc of spot 

4: Slight occurrence of spots with no pnjblcm in pracu'cal 
use 

3: Occurrence of a small number of spots at an allowable 
level of causing no occurrence of spots in normal rack. 
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5456,738 

17 18 

2: Occurrence of spots at a level of causing to occur gpots 

even in a normal rack, 
1: Occurrence of a lai:ge number of spots at a level of 
causing to occur spots always in a normal rack. 
Results thereof are shown in mie 1 . 



TABLE I 



Gelatin 



Sample 




content 




Emulsion 


(gAn^) 


1 (C) 




2.7 


2 (CO 


EtD-1 


2.7 


3(C) 


Ecvl 


2.3. 


4 CI) 


Em-1 


2.3 


5(1) 


Em-l 


t,& 


ea) 


Em-I 


1^ 


7n} 


T?tn-1 


1.8 


8fl) 


£ra-l 


Lfi 


9(0 


£m-1 


}J& 


iO(t) 


Emrt 


1^ 


11 (J) 


Em-l 


1.8 


12(1) 


Em-l 


IJ 


13(0 


Em-} 


1,8 


14 0) 


Em-l 


I.S 


15(1) 


Km-] 


i.S 


ifiCD 


Era-l 


1.8 


17 0) 


Eib-l 




ISO) 


Em.t 


1^ 


19(0 


Ein-2 


2.7 


20(1) 




2.3 


Jl (I) 


Env2 ■ 


1.8 


22(1) 


Em-2 


1.5 


23 q) 


Ein-2 


1.3 


24 (I) 


Em-2 


1.8 


25(1)' 


£tn-2 


1.8 


26 (F) 




1.8 



Scnrilircr 



S 

zs 

Id 
2.8 
2,8 
Z8 
2.S 

2.8 
ZB 
1.8 
2.8 
2.S 
2.B 
ZO 
2.0 
10 
2.0 
2,8 

za 

18 
18 
1« 
2.8 
2.8 



Sc 

0 
0 
0 
0 
0 
0 
0 

0.4 

fl 

0 

0 

0 

0 

0 

0.4 

0.4 

QA 

OA 

0 

0 

0 

0 

0 

0 

0 

0 



InoriEtnftjc 








niie 


fi5£tv potion 






particle! 


panfde* 


5cn$1HWty 


^IWJICT JUBTK 


None 


Comp. ft 


100 


■a 
J 


None 


B.l 


JOO 


3 


None 


Comp. A 


120 


2 


None 


B-t 


120 


4 


None 


B-1 


140 


4 


None 


3-1 


IGO 


4 


None 


B-Il 


MO 


4 


None 


B^l 


180 


5 


A-l 


R-l 


150 


5 






[60 


5 


A.3 




IGO 


5 


MA-1 


Q-1 


155 


5 


MA.2 


B-t 


)eo 


5 


MA-7 


B-l 


ItiO 


5 


A'J 


B-1 


190 


S 


A-2 


B-l 


20Q 


5 


MA^l 


B-1 


195 


5 


MA.2 


B.] 


• 200 


5 


None 


B-1 


SO 


I 


None 


B-1 


JOO 


4 


None 


n^i 


110 


4 


None 




120 


4 


A-l 


B-l 


120 


, 5 


A-2 


B-l 


J 30 


5 


MA-1 


n^i 


125 


5 


•MA.2 




130 


5 



C; Comparison 
h Invention 

S: Sodium thlosulfate (mg/mol Ag) 

Se: Triphenylphosphine selertidc (mg/mol Ag) 

Contp.a: Pdlymetijyl meihacrylate particles having an 

average size of 4.0 
As can be seen from the table, it is proved ttiat invcniive 
samples were high in sensitivity and excellent in preasutc 
resistance, without occumence of roller marks (spot). 



Example 2 

Samples Nos* 1 to 18 were exposed to X-ray and pro- 
cessed with the same developer and fixer as in Example 1 
using a modified SRX-501 type processor at a higher 
transporting speed. Running processing was condnucd 
under the following processing condition 1 or 2 tmtil a 
steady state was reached to prepare running-equilibrium 
solutions 1 and 2. 
Ultra-Rapid Proceasing (B) 



35 



40 



Replenishing rates were varied as below: 





(Condition 1) 


(Condition 2) 


Devclopcr-iepIeni^Dg rule 
Ftxer^Ttpleiilshfiig nme 


14.0 ml* 
(180 oit/m*) 

14.0 ml* 
(180 ml/in=> 


7.0 ml* 
(90 mVb=) 
7.0 ml* 

(90 nafm^ 



45 



50 



per sheet bavins » of 10 x 12 inches) 

Samples Nos. 1 to 33 were processed with the above 
running equilibrium soludoa 1 (Condition 1) or 2 (condition 
2)undsr_the ultra-rapid proccsshig condition B, and evalu- 
ated with respect to sensitivity and lOllcr marks. 



TABLE 2 



Scnsitlviiy 



Roller nude 



55 



Sample Wo. Condlltonl C(ffldfh*<>n 2 Cdndition 1 Condition 2 







Tunc 




Dcvdciping 


38- C 


7.0 sec. 


~" 60 


Fixing 


37* C 


4.0 ace. 




Wething 




7.0 




Squeezing 




2.4 sec. 




laying 


58»C. 


4.0 sec. 




Tbtal 


(Dry tD dry) 


34.4 sec 


65 



1 


100 


51) 


7 


100 


60 


3 


120 


60 


4 


J20 


100 


5 


T40 


120 


6 


160 


MO 


7 


140 


120 


S 


ISO 


170 


9 


150 


130 


10 


160 


145 


11 


160 


145 


12 


1€0 


130 


13 


160 


150 


14 


160 


150 



I 

1 

4 
4 
4 
4 
5 
5 
5 
5 
5 
S 
5 
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19 

TABLE 2-comjnucd 



5,556,738 



^Sensitivity 



RpUcr roaifc 



^Wfa^No. Condition 1 Condition 2 Condilfem I Condftion 2 $ 



15 
16 
17 



190 
200 
J 95 
195 



180 
195 
135 



to 



15 



As can be Sfecn firora Tiible 2, inventive Sftmplcs were 
shown La be litule lowering m sensitivity and cxeellcnt in 
pres^surc resistance without occurrence of roHcr mark* as 
compared to comparative samples. 

What is cJaimed is: 

1. A silver halide pboiographic clcniEni comprising a 
support having, on at lea^l one side thereof, a Hght-scnsitive 
snyer halide emulsion layer and a nonlighl-sensitivc hydro- 
philic ooJloidal layer, whctuin said nonJight-scnsitivc layer 
contains organic maierfal-aggrcgation paitides; and gelartn 
contained in the total hydrophilfc coHoidal laycn? provided 
on one side of the support amounts to a range of 3 .3 to 2.5 
g per of a photographic elemetil. 

X The photographic element of claim 1, wherein said 
aggregation particles have an avcrc^gc size of 1.0 to 20*0 urn 
and arc comprised of fine particles in an aggregated form; 
said fine particles having an average size of 0.05 to 0^0 pm 
and comprishig polyalkyl racthacrylate, polyaDcyJ actylate 
or polystyiBnc. 

3. The photographic- element of claim X wherein said ^ 
aggregation particles are contained in an amount of 10 to 
200 mg per m^ of the photographic clemcnL 



20 



4. The phoiogrophic element of claim \, wherein said 
silver halide emulsion layer contains tabular grains having 
an average aspect ratio of grain diameter to thickness of 2 or 
more and accounting for 50% or more of the total piDjeclcd 
area of grams contained in the emulsion layer. 

S The photographic element of claim 4, wherein said 
tabular grains arc sclem'um-sensiiizcd. 

6. The photographic clement of claun 4, wherein said 
tabular grains comprise silver iodobromidc or silver iodoch- 
lorobromidc. 

7. The photographic clement of claim 1» wherein said 
silver halide emulsion layer further contains inorganic fine 
grains having an averse grain size of 1 lo 300 nm and 
comprising a silicon oxide, aluminium oxide, antimony 
oxide, Utanium oxide, zinc o)dde» niobium oxide, zifconium 
oxide, tin oxide, vanadium oxide or yttrium oxide. 

8. The photographic element of claim 7, wherein said 
inorganic fine grains comprise silicon oxide, antimony oxide 
or yttrium oxide. 

9. The silver halide photographic element of claim 7, 
wherein said inorganic anc grains are each covered with a 
gelatin shell. 

10. A method of proccsfting the photographic clement as 
claimed in claim 1 with an automatic processor, comprising 
developing the exposed photographic clement in a dcveK 
opcr, fixing the clement in a ftxcr, washing and dtying. 
wherein said developer is replenished by a developer-re-' 
plenishing solution at a rate of 35 to 94 ml/m=* of the 
clement, said photographic element being prwcssed over a 
period of time of 10 to 30 Seconds in loiaL 



PAGE 56/64 ' RCVD AT 1 113/2008 6:08:00 PM [Eastern Standanl Time] ' SVR:USPTO-EF)(RF-5/41 * DNIS:2738300 ' CSID:6127463006 * DURATION (inm-s$):10-34 



11/03/2008 18:18 



61274&300G 



DARDI AND ASSOCIATES 



PAGE 57/64 



RELATED PROCEEDINGS APPENDIX 

The decision for Appeal No. 2006-0712 before the Board of Patent Appeals and 
Ititerferences is attached. This appeal involved a rejection over U,S. Patent 5,549,880 to 
Koksbang- 
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The opinion in support of the decision being entered today was not written for 
publication and is not binding precedent of the Board! ^""^ 

UNITED STATES PATENT AND TRADEMARK OFFICE 



BEFORE THE BOARD OP PATENT APPEALS 
AND INTERFERENCES 



Ex parte XIANGXIN BI, NOBUYUKI KAMBE, 
SUJEET KUMAR, and 
JAMES T. GARDNER 



MAILED 

MAR 0 9 2006 

US PATENT AND TRADEMARK OFFICE 

BOARD OF fWeWT APPEALS 
AND WTERFERENCeS 



Appeal No. 2006-0712 cSkS^tS?:. 
Application No. 09/606,884 

MAR 1 3 20116 



ON BRIEF 



PATTERSON, THUuN 1 E, SKMR 
& CHRISTENSEN. PA 



Before GARRis, WARREN, and WALTZ, Administrative Patent Judges. 
WALTZ, hdmini-strative Patent Jvdge. 



OBCZSION 017 APPEAL 

This is a decision on an appeal from the primary examiner's 
final rejection of claims 47 through 52. > The remaining claims 
pending in this application are claims 1, 4 through 11, 13 through 
28, and 30 through 46, all of which have been allowed by the 



/An amendment subsequent to the final rejection was 
submitted by appellants and entered by the examiner (see the 
amendment dated Mar. 5, 2004, entered as per the Advisory Action 
dated Mar. 23, 2004; Brief, page 2). We n?te that the wSL 

collection in claims 48-50 does not find antecedent basis in 
Claim 47 . -'-.^ ^.n 
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Appeal No. 2006-0712 

Application No. 09/606,884 ^ 

examiner (Brief, page 2; Answer, page 2, JO)). We have 
jurisdiction pursuant to 35 U.S.C. S 134. 

According to appellants, the invention is directed to cathode 
compositions comprising submicron vanadium oxide particles and a 
binder, where these particles provide superior battery perfonnance. 
especially in lithium-based batteries (Brief, page 2) . 
Representative independent claim 47 is reproduced below: 

47. A cathode composition comprising vanadium 
oxide particles having an average diameter from 
about 5 nm to about 500 nm and a binder. 

The examiner has relied on KoJcsbang, U.S. Patent No. 
5,549,880, issued on Aug. 27, 1996, as the sole evidence of 
unpatentability (Answer, page 3). Claims 47-52 stand rejected 
under 35 U.S.C. § 102(a) and (e) as anticipated by Koksbang (id.). 
For reasons stated in the Brief, Reply Brief, and below, we reverse 
the rejection on appeal. 

OPINION 

The examiner finds that Koksbang discloses secondary lithium 
batteries comprising a "lithiated vanadium oxide cathode active 
material," a lithium metal anode, and a polymer electrolyte or 
solid electrolyte separator, where the vanadium oxide particles are 
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Appeal No. 2006-0712 
Application No. 09/606,884 

'^in the form of a fine powder having a surprisingly small particle 
size on the order of 0.1 to 5 microns" {Answer, page 3). 

The initial burden of establishing unpatentability, on any 
ground, rests with the examiner. See In re Ostiker, 971 F. 2d 1443, 
1445, 24 USPQ2d 1443, 1444 (Fed. Cir. 1992). As correctly argued 
by appellants (Brief, pages 8-10; Reply Brief, pages 2-3), Koksbang 
does not disclose or suggest that the range of particle sizes 
taught is an a^rerage size or diameter as required by claim 47 on 
appeal and the examiner has not convincingly established that the 
disclosure of Koksbang should be interpreted or construed as an 
-average" size or diameter (Answer, page 4). The examiner has 
cited the different methods of preparation taught by Koksbang as 
evidence that it is "reasonable" to interpret the range taught by 
the reference as a range of average particle sizes, which thus 
over.lap with the claimed range (id.). This evidence is not 
convincing for the following reasons. As correctly argued by 
appellants (Reply Brief, page 2), there is no disclosure or 
suggestion in Koksbang that the variation in reaction starting 
materials or parameters would alter, the product properties, e.g., 
the particle sizes of the product (see col. 4, 11. 15-65). 
Furthermore, Koksbang specifically teaches the criticality of the 
"particle size" of the product, disclosing a range of particle 
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Appeal No. 2006-0712 

Application iSo. 09/606, 884 ^ 

sizes but never disclosing or suggesting an average of particle 
Sizes or diameters (col, 2, 11. 59-61; col. 5. 11. i-6; and col. 6, 
11. 56-60). We note that the examiner has not submitted any 
substantive evidence that the term "particle size" was known in 
this art to mean an average particle size. 

The examiner has found that the vanadium oxide particles 
disclosed by Koksbang are in the form of a fine powder with a 
particle size "on the order of 0.1 to 5 microns" (Answer, page 3). 
However, the examiner admits that Koksbang discloses "a lithiated 
vanadium oxide cathode active material" (Answer, page 3), and 
Koksbang only discloses particle sizes for the lithium vanadium 
oxide product (col. 2, 11. 59^61; col. 5, 11. 1-6; and col. 6, 11. 
56-61). We find no disclosure in Koksbang of any particle size for 
the vanadium oxide per se (e.g., see col. 4, 11. 15-40). We have 
construed the term "vanadium oxide particles" as found in claim 47 
on appeal with "the broadest reasonable meaning of the words in 
their ordinary usage as they would be understood by one of ordinary 
skill in the art," .taking into account any enlightenment of the 
term in the specification. In re Morris, 127 F.3d 1048, 1054, 44 
USPQ2dl023, 1027 (Fed. Cir. 1997). Appellants' specif icatiol 
discloses vanadium oxide nanoparticles per se, as well as the 
production of only vanadium oxide (see Figures 5-12; specification. 



PAGE 61/64 ' RCVD AT 11/312008 6:08:00 PM [Eastern Standard Time] ' SVR:USPT0{F}(RF-S/41 * DNIS:2738300 ' CSID:6127463006 * DURATION (inm-ss):10>34 



11/03/2008 18:16 6127463006 DARDI AND ASSOCIATES PAGE 62/ 



Appeal No- 2006-0712 

Application No. 09/606,884 '^^ 

page 4, 11. 19-21; page 5, 1. 18-page 6, i. 17; and page 14, l. 8 
et seq.). Although the transitional term comprising" opens claim 
47 on appeal to other elements or components, we determine that 
the claimed "vanadium oxide particles," as understood by one of 
ordinary skill in this art and consistent with the specification, 

does not encompass other materials such as intercalated lithium. ^ 

For the foregoing reasons and those set forth in the Brief and 

Reply Brief, we determine that the examiner has failed to establish 

a prima facie case of anticipation in view of Koksbang, Therefore 

we cannot sustain the rejection on appeal. 



Veiiicuiar Techs, v. Titan Wheel Int'l, inc , 212 P 3H 
Jhe i.™"' 2000) ("a 'draft/r uts 
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Page 6 



The decision of the examiner is reversed. 

REVBRSED 




BRADLEY R. 



Ye Patent Judge 




Crles f, warren 

Administrative Patent Judge 

a. uj-^^jiXT^ 

THOMAS A. WALTZ O 
Administrative Patent Judge 



*BOARD OF PATENT 
APPE/UjS 
AND 

INTERFERENCES 



TAW/sld 



PAGE 63/64 * RCVD AT 1113/2008 6:08:00 PNI (Eastern Standard Time] ' SVR:USPTO-EFXRF-5/41 ' DNIS:2738300 ' CSiD:6127463006* DUiWTION (mm-ss):10-34 



11/83/2008 18:16 6127463006 DARDI AND ASSOCIATES PAGE ^64/64 



Appeal No. 2006-0712 

Application No. 09/606, 884 ^^^^ 
PETER S. DARDI 

80 SOUTH 8™ STREET 
MINNEAPOLIS, MN 55402-2100 



PAGE 64/64' RCVD AT Wm 6:08:00 PM [Eastern Standard Time] '8VR;USPTO-EFXRF'S/41 ' DNIS:2738300'CSID:6127463006' DURATION |mm-ss):10-34 



